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A.I>VERTISB3MKN'T. 

[Bulletin  Ko.  62.] 


The  pnblicatloiisof  the  ITnlted  States  Geologioal  Survey  are  isaaed  in  aooordance  with  the  statute 
approTed  March  3, 1879,  -vrbich  declares  that— 

* '  Thepablications  of  the  Geological  Survey  shall  consist  of  the  annoal  report  of  operations,  geologic  al 
and  economic  maps  illnBtrating  the  resonroes  and  classiflcation  of  the  lands,  and  reports  upon  general 
and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Oeologlcal  Survey 
shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other« 
vise  io  ordinary  octavos.  Three  thousand  copies  of  each  sball  be  pnbliHhed  for  sciuntitic  exchanges 
and  for  sale  at  tbo  price  of  publication ;  and  all  literary  and  cartographic  materials  received  in  exchange 
sball  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  orgauissatiuu :  And  the 
money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
States." 

On  July  7, 1882,  the  following  Jomt  resolution,  referring  to  all  Grovernment  publications,  was  passed 
by  Congress: 

' '  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congreas,  there  shall  be  printed , 
in  addition  to  the  number  in  each  case  stated,  the  'usual  number'  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitied  to  receive  them." 

Except  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congreas  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
no  copies  for  gratuitous  distribution. 

ANNUAL  KBPORTS. 

I.  First  Annual  Report  of  the  United  States  Geologioal  Survey,  by  Clarence  King.  880.  8P.  79  pp. 
1  map.— A  preliminary  report  describing  plan  of  organisation  and  publications. 

n.  Second  Annual  Report  of  the  United  States  Oe61ogioal  Survey,  1880-'81,  by  J.  W.  Powell.  1882. 
9P.    Iv,  568  pp.    82  pL    1  map. 

III.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-'82,  by  J.  W.  Powell.  1883. 
8^.    xviii,  504  pp.    67  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geologioal  Survey,  1882-'83,  by  J.  W.  Powell.  1884. 
SP'.    xxxii.  473  pp.    85  pi.  and  maps. 

y.  Fifth  Annual  Report  of  the  United  States  Geologic*!  Survey,  1883-'84,  by  J.  W.  Powell.  1885. 
fto.    xxxvi,  400  pp.    58  pi.  and  maps. 
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LETTER  OF  TRANSMITTAL. 


United  States  Geolooical  Survey, 

Lake  Superior  Division, 
Madison^  WiscanHn,  February  Ip,  1888. 

Sir  :  I  have  the  honor  to  transmit  herewith,  for  publication  as  a 
buHetin  of  the  Survey,  a  paper,  .by  Prof.  George  H.  Williams,  of  Balti- 
more, Maryland,  on  The  Greenstone-Schist  Areas  of  the  Marquette  and 
Menominee  Regions  of  Michigan. 

The  exact  object  and  bearing  of  the  work  thus  accomplished  by 
Prof.  Williams  I  have  set  forth  in  an  explanatory  and  historical  note 
prefixed  to  his  memoir. 

I  am,  sir,  very  respectfully,  yours, 


Hon.  J.  W.  Powell, 

Director  U.  8.  Geological  Survey. 


R.  D.  Irving, 
Geologist  in  Charge. 


EXPLA:tf  ATORY  AND  HISTORICAL  NOTE. 


Bt  BoLAin)  DuEB  iBYma. 


At  qoite  a  namber  of  points  ia  the  Lake  Superior  region  occa^p66a- 
'  liar  schistose  rocks,  which  combine  with  a  prevalent  fi  ne  grain  a  general 
tendency  to  greenish  color.  Besides  occurring  here  and  there  more  or 
less  confusedly  mingled  with  masses  of  granite  and  other  rocks,,  these 
greenish  schists  occur  also  in  large  continuous  areas,  which  they  entirely 
occupy,  except  for  certain  relatively  unimportant  basic  and  acid  intru- 
sives.  Microscopic  study  has  shown  that  these  rocks  are  at  times  fully 
deyelox>ed  hornblende  schists,  and  again  glossy  kinds,  in  which  chlorite 
is  so  important  an  ingredient  as  to  warrant  our  calling  them  chlorite 
schists.  In  other  places  again  they  are  more  massive,  and  present  more 
or  less  distinctly  the  appearance  of  fine-grained  basic  ernptives;  but 
the  bulk  of  these  areas  is  composed  of  nondescript  finegrained  green- 
ish sohistSf  which  appear  to  grade  into  the  more  massive  greenstone-like 
forms  on  the  one  hand,  and  into  the  more  distinctly  developed  chloritic 
and  hornblendic  schists  on  the  other.  As  a  rule  these  various  schists 
present  no  parallel  structure  other  than  that  which  seems  ^referable 
directly  to  secondary  causes ;  that  is  to  say,  they  do  not  present  such 
banded  varieties  as  would  suggest  the  action  of  sedimentation  during 
their  production.  However,  such  banded  varieties  do  occur  in  subordi- 
nate quantity,  presenting  then  very  strikingly  regular,  rapid  alterna- 
tions of  light  and  dark  bands. 

Again,  here  and  there  in  these  peculiar  areas,  in  some  places  with  a 
very  considerable  development,  there  occur  kinds  which  present  a  more 
or  less  obscure  fragmental  appearance,  this  appearance  being  generally 
far  more  pronounced  on  a  weathered  surface  than  on  a  fresh  one,  on 
which  latter  the  matrix  and  the  parent  fragments  are  apt  to  look  much 
like  one  another,  either  from  original  similarity  in  character  or  from 
having  undergone  alterations  which  have  led  both  fragments  and 
matrix,  originally  different,  to  similar  results.  At  times  there  is  a  co- 
incidence of  occurrence  between  the  banding  above  referred  to  and  the 
appearance  of  the  pebble-bearing  forms,  but  so  far  as  my  experience 
'  goes  this,  is  very  commonly  not  the  case,  the  fragmental  phases  being 
without  any' parallel  structure  other  than  the  general  secondary  cleav- 
age, which  all  of  these  rocks  present,  the  apparent  pebbles  occurring 
more  commonly  in  tumultuous  assemblages  of  masses  of  all  sizes. 
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As  prominent  illastrations  of  such  green  schist  areas,  there  may  be 
mentioned  that  which  rans  directly  westward  from  the  shore  of  Lake 
Sax)erior  at  Marquette,  Michigan,  for  a  distance  of  j  some  twenty  miles, 
with  a  width  ranging  from  two  to  six  miles ; '  those  which  occur  in  the 
Menominee  Valley,  on  the  boundary  betvreen  Wisconsin  and  Michigan;' 
that  of  the  Gogebic  country  of  western  Michigan,  in  T.  47  N.,  B.  43  W., 
and  T.  47  K.,  E.  44  W.,  where  there  is  a  very  great  development  of  the 
fragmental  phases ;  ^  that  which  has  been  recently  outlined  by  Dr.  W. 
S.  Bayley  to  the  south  of  the  so-called  Mesab6  Range,  and  west  of 
the  Embarras  Lakes,  in  T.  69  N.,  R.  16  W.,  and  T.  69  N.,  E,  16  W., 
northern  Minnesota,  where  there  is  again  a  considerable  development 
of  the  fragmental  forms;*  and  that  which  lies  to  the  northward  of  the 
iron-bearing  slates  of  Vermillion  Lake,  traversing  the  island  in  the 
northern  part  of  that  lake  from  west  to  east,  and  extending  thence  east 
and  northeast,  with  an  average  width  of  from  two  to  three  miles,  through 
townships  62,  63, 64,  and  66  K,  of  ranges  14, 13, 12, 11, 10,  and  9  W.,  in 
northern  Minnesota,  to  the  national  boundary  line  at  Oarp  Lake,  whence 
it  extends  an  unknown  distance  into  Canada.  This  last-named  area, 
which  is  the  most  extended  continuous  one  with  which  I  am  acquainted, 
shows  prevalently  those  kinds  of  rock  which  lack  the  fragmental  ap- 
pearance. Still,  fragmental  phases  here  and  there  present  themselves, 
as,  for  instance,  along  the  east  shore  of  that  island  in  Vermillion  Lake, 
wlbich  lies  in  the  northern  part  of  Sec.  10  and  southern  part  of  Sec  3, 
T.  62  K,  B.  16  W.  To  these  areas  may  be  added  also  several  smaller 
ones  which  lie  southward  and  southeastward  of  the  Vermillion  Lake  iron 
belt.  One  of  these  areas,  lying  south  of  Sea  Gull  Lake  and  east  of 
Ogishkimanissi  Lake,  in  T.  65  If.,  B.  5  W.,  presents  an  extraordinary 
development  of  the  obscurely  fragmental  or  brecciated  phase.  Finally, 
should  be  mentioned  the  large  development  of  similar  greenish  schists, 
including  also  the  fragmental  or  ^<  agglomeratic "  phases,  which  is 
described  as  occurring  on  the  Lake  of  the  Woods  in  the  recent  report 
of  Mr.  A.  0.  Lawson,  of  the  Canadian  Survey.^ 

My  first  acquaintance  with  any  of  these  green  schist  areas  was  in  the 
summer  of  1883,  when  a  number  of  days  were  spent  in  examining  the 
exposures  at  Twin  Falls,  Upper  Quinnesec  Falls  and  Lower  Quinnesec 
Falls,  on  the  Menominee  Biver,  the  boundary  between  Wisconsin  and 
Michigan.  The  very  handsome  detailed  maps  and  the  descriptions  of 
these  exposures  by  Maj.  T.  B.  Brooks^  had  already  been  published  and 


*  See  map  of  T.  B.  Brooks,  Geo!.  Snryey  Miohigan,  Atlas,  PL  III  i  map  by  C.  Rominger,  acoompaay- 
Ing  Geol.  Survey  Michigan,  Vol.  4, 1881 ;  PI.  I  of  the  present  volume. 

■  See  map  by  T.  B.  Brooks  and  C.  £.  Wright,  PI.  28  of  the  atlas  to  the  Geology  of  Wisoonalii ;  map 
by  C.  S.  Wright.  PL  30  of  the  aame  atlas ;  map  of  the  Menominee  region,  by  C.  Bominger,  Gool.  Sur- 
vey Michigan,  Vol.  4, 1881,  PL  2. 

*  See  maps  by  B.  D.  Irving  and  C.  R.  Van  Hiae,  accompanying  a  memoir  on  the  Penokee-Qogelilo 
iron  region,  Mon.  U.  S.  GeoL  Survey,  No.  18. 

«  See  map  by  R.  I).  Irving,  PL  XLI,  of  the  Seventh  Ann.  Rept  V.  S.  GeoL  Survey* 
*See  G«ol.  Nat.  Hist.  Surrey  Canada,  Ann.  Rep.  (new  series)  Vol.  1,  1885,  pp.  41-46  co;  aIbo  map 
aoeompanying  same. 
*Ge»L  Wisconsin,  vol.  3,  1880. 
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were  used  on  the  ground.  These  maps  represent  the  exposures  at  the 
several  points  named  as  composed  of  a  series  of  very  regular  alterna- 
tions of  virions  schistose  and  massive  rocks,  the  conclusion  being 
reached  with  regard  to  them  by  Brooks  that  they  form  in  all  a  regular 
series  of  layers  originally  of  sedimentary  origin,  the  present  lack  of  frag- 
mental  appearance  being  taken  as  the  result  of  metamorphism.  To  me 
it  seemed  at  that  time  that  the  regularity  of  the  alternations  was  far 
less  than  one  would  think  to  be  the  case  from  Brooks's  maps,  and  that  all 
of  the  several  phases,  schistose  and  non-schistose,  were  rather  vari- 
ations of  one  great  mass  of  material,  whose  original  structure  was  mass- 
ive rather  than  schistose.  This  impression  was  gathered  from  the  way 
in  which  the  several  phases  graded  into  one  another,  and  from  the  non- 
continuity  in  the  direction  of  the  strike  of  the  schistose  kinds,  single 
schist  beds  displayed  on  one  side  of  the  stream  being  often  absent 
where  their  continnations  should  lie  on  the  opposite  side  of  the  stream. 
The  impression  was  strengthened  by  the  lack  of  regularity  in  the  di- 
rection of  the  schist  plaiies,  and  by  the  striking  way  in  which  schist 
bands  inclose  vaguely  outlined  areas  of  non-schistose  massive  rocks. 
The  same  ponclnsion  as  to  the  inseparable  nature  of  all  of  these  rocks 
had  already  been  reached  and  published  by  Eominger,^  though  he  ap- 
pears to  have  looked  upon  the  parallel  or  schistose  structure  as  repre- 
senting an  original  condition  of  the  rocks,  all  of  which  he  seems  to 
consider  of  sedimentary  origin ;  while  the  impression  made  on  me  was 
last  the  opposite,  namely,  that  the  schistosity  is  of  a  secondary  nature, 
and  the  original  structure  of  the  rock  a  massive  one.  In  order  to  test 
this  question,  a  large  collection  of  specimens,  with  quite  full  notes,  was 
made  at  the  time.  In  the  next  year,  however,  before  the  thin  sections 
made  from  these  specimens  could  be  examined,  the  entire  collection 
was  destroyed  by  fire,  and  my  work  in  other  directions  having 
become  pressing,  it  was  decided  to  put  the  study  of  this  question  in 
the  hands  of  Prof.  George  H.  Williams,  of  the  John  Hopkins  TTni- 
versity,  whose  qualifications  for  investigations  in  microscopic  petrog- 
graphy,  such  as  this  would  mainly  be^  are  well  known  to  be  of  the  first 
order.  In  the  summer  of  1885,  therefore,  Professor  Williams  made,  at 
my  request,  a  reexamination  of  all  of  these  points  in  the  Menominee 
valley,  going  into  far  greater  detail  in  the  field  study  than  any  one 
had  done  before,  and  collecting  on  a  very  large  scale.  During  the 
sammer  of  1886,  Professor  Williams  was  asked  to  extend  his  field  ex- 
aminations into  the  Marquette  greenschist  area,  and  here  similai:  de- 
tailed studies  and  large  collections  were  made.  The  present  publica- 
tipn  is  the  result  of  Professor  Williams's  work,  which  has  included  the 
detailed  examination  of  about  4O0  thin  sections  made  from  the  speci- 
mens gathered. 

While  Professor  Williams's  investigations  have  been  going  on,  the 
vwons  other  green  schist  areas  named,  so  far  as  they  lie  within  the 


1  Geol.  Surrey  Miohigui.  vol.  4. 1881,  p.  214. 
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boandary  of  the  United  States,  have  been  examined  in  considerable  de^ 
tail,  large  collections  and  extensive  field-notes  having  been  gathered  by 
Prof.  Van  Hise,  Messrs.  W.  N.  Merriam  and  W,  S.  Bayley,  and  myselt 
These  additional  collections  are  now  quite  thoroughly  sectioned,  and  it 
is  hoped  soon  to  study  them  in  detail,  and  to  offer  a  second  contribution 
to  our  knowledge  of  this  important  class  of  rocks.  The  present  publi- 
cation, however,  deals  only  with  the  Marquette  and  Menominee  areas. 

Prof.  Williams's  investigations  having  been  directed  especially  to  a 
microscopic  study  of  these  peculiar  greens  chists,  with  the  object  of  ascer- 
taining  whether  such  study  would  throw  any  light  upon  their  original 
condition ;  it  does  not  come  within  the  province  of  his  memoir  to  discuss 
the  geologic  relations  of  the  green  schist  masses  as  wholes.  Neverthe- 
less, it  is  almost  unavoidable  that  some  reference  should  be  made  in  this 
volume  to  these  geological  relations,  and,  since  there  has  been  a  good 
deal  of  difference  of  opinion  as  to  them  among  the  several  geologists 
who  have  written  upon  the  Menominee  and  Marquette  areas,  it  seems 
necessary  to  explain  briefly  the  different  views  that  have  been  advajiced, 
including  the  conclusions  to  which  my  own  studies  have  thus  far  led  me, 
though  without  attempting  any  general  discussion  of  the  subject  for 
the  whole  Lake  Superior  region.  Such  a  discussion  it  is  designed  to  leave 
until  exhaustive  microscopic  studies,  like  that  of  Professor  Williams  here 
presented,  shall  have  been  extended  over  the  other  areas  of  similar  rocks  ' 
above  named.  We  shall  then  be  in  possession  not  only  of  all  available 
structural  facts  with  regard  to  these  peculiar  rocks,  but  also  of  all  that 
the  most  refined  methods  of  study  can  give  ns  with  regard  to  their  in- 
ternal texture  and  mineralogical  composition. 

The  map  (PL  I)  shows,  in  a  general  way,  the  distribution  of  the  dif- 
ferent kinds  of  rocks  in  the  vicinity  of  Marquette.  In  preparing  this 
map,  those  by  Brooks  and  Eominger,  read  in  the  light  of  my  own  studies 
in  this  region,  have  been  used.  It  should  be  said  that  a  detailed  map 
of  the  Marquette  district  has  not  been  attempted  by  the  IT.  S.  Geologi- 
cal Survey  as  j'et,  partly  because  other  more  pressing  work  was  in  prog- 
ress, and  partty  because  without  a  thoroughly  accurate  topographical 
basis  for  such  a  map  it  has  not  been  thought  that  much  advance  could 
be  made  upon  the  several  maps  heretofore  constructed.  It  is  proposed, 
however,  to  begin  such  topographical  survey  immediately,  and  upon 
the  basis  thus  prepared,  to  place  everything  exactly  as  it  is  seen,  and, 
making  use  of  all  the  latest  mining  developments,  to  attempt  to  work 
out  accurately  and  in  detail  the  structure  of  the  region  in  such  a  fash- 
ion that  what  is  inferred  may  be  easily  separated  from  what  is  actually 
known. 

Upon  the  present  map  the  large  area  colored  for  greenstone  schists 
is  the  one  which  came  particularly  under  Professor  Williams's  investiga- 
tions. Northward  this  area  is  limited,  in  the  eastern  portion,  by  a  great 
spread  of  granitic  and  gneissic  rocks.  The  line  of  demarkation  between 
the  schists  and  the  granites,  however,  is  not  a  sharp  one,  since  the 
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two  seem  to  mingle  more  o^  less  confusedly  on  each  side  of  the  some- 
what arbitxary  line  indicated  upon  the  map.  Southward  of  this  green- 
stone-schist area,  and  again  dovetailing  into  it  on  the  north,  are  belts 
of  country  occupied  mainly  by  detrital  rocks,  snch  as  quartzites  and 
varioQS  fragmental  slatos;  with  these,  however,  are  large  bodies  of 
crystalline  limestone  and  several  phases  of  ferruginous  schist,  all 
of  which  have  in  common  an  entire  lack  of  anything  like  a  frag- 
mental  texture.  In  addition  to  these  rocks  these  areas  include  also 
sheets  of  diabasic  greenstone,  which  are  iutorbedded  with  the  detritals 
and  ferruginous  schists  alluded  to.    On  the  south  of  the  southernmost 

/of  these  detrital  areas,  in  which  are  included  all  the  well  known  iron 
mines  of  the  Marquette  region,  is  ^ain  a  large  area  of  granitic  and 
gn^ic  rocks. 
The  greenstone  schists  are  affected  generally  by  a  vertical  or  nearly 
vertical  cleavage  staructure,  to  which  the  occasional  banding  of  the 
rock,  suggestive  of  a  sedimentary  origin,  is  also  parallel.    The  layers 
i      of  rock  of  which  the  detrital  areas  are  composed  are  affected  partly  by 
[      a  similar  cleavage  structure,  but,  on  the  whole,  far  less  markedly  so, 
while  the  bedding  of  these  rocks  is  as  a  rule  very  distinct,  and  indi- 
cates a  more  or  less  open  or  gentle  bowing  of  the  layers,  the  dips  being 
at  times  southward  and  again  northward,  and  usually  at  a  much  lower 
angle  than  is  the  cleavage  structure  of  the  greenstone  schiste.    At 
times,  however,  particularly  in  the  easternmost  portion  of  the  southern 
of  these  two  belts,  the  inclinations  of  the  detrital  rocks  are  much  higher, 
and  then  bedding  and  cleavage  structure  approach  to  parallelism  with 
each  other,  and  with  the  cleavage  structure  of  the  greenstone  schists 
farther  north.    While  folded  back  and  forth,  these  detrital  areas  show 
for  the  most  part  an  evident  general  synclinal  structure;  that  is  to  say, 
the  layers  of  rock  of  which  they  are  composed,  as  they  appear  along  the 
edges  of  these  areas,  dip  inward  towards  their  middle  portions.    Thus 
the  greenstone  schists  seem  plainly  to  rise  from  beneath  the  higher  de- 
trital layers.    As  to  the  inferior  position  of  these  greenstone  schists  to 
the  detrital  iron-bearing  rocks,  all  geologists  who  have  examined  this 
region  would  probably  agree;  at  all  events  all  those  who  have  expressed 
themselves  with  regard  to  the  matter  seem  to  have  no  hesitation  con- 
cerning it. 

Foster  and  Whitney,  whose  classical  work^  gives  the  first  compre- 
hensive  account  of  the  geology  of  this  region,  do  not  appear  to  have 
separated  the  greenstone  schistefrom  the  other  stratiform  rocks  in  such 
a  fikshion  as  to  indicate  their  exact  stratigraphical  relations.  All  of 
these  stratiform  rocks  they  appear  to  have  looked  upon  as  constituting 
one  great  series,  whose  crumpled  condition  they  attributed  to  the  sub- 
sequent eruption  of  the  granite  masses  on  either  side  of  the  single 
trough,  which  they  regarded  the  stratiform  rooks  as  occupying.'    They 

'Beport  of  the  geology  of  the  Lake  Saperior  land  diafcrlot>  by  J.  W.  Foster  and  J.  D.  Whitney,  pt.  2, 
The  Iron  Bogion,  Waehington,  1851. 
>Ibid.,  p.  41,  Ilg.  5. 
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appear,  however,  to  refer  especially  to  the  greenstone  schists  in  the 
following: 

Many  of  th6  slates  appear  to  be  composed  of  palvernlent  greenstone,  as  though  they 
might  originally  hare  been  ejected  as  an  ash,  and  snbseqnently  deposited  as  a  sedi- 
ment, and  pass  by  imperceptible  gradatioms  from  a  highly  fissile  to  a  highly  compact 
State.  *  *  *  The  slates  are  composed  essentially  of  the  same  ingredients  as  the 
trappean  rocks  with  which  they  are  associated,  and  the  main  difference  between 
them  may  be  thafc  the  one  was  the  product  of  salses,  ejected  in  the  form  of  mad,  while 
the  other  was  the  product  of  volcanoes,  ejected  in  molten  streams.^ 

They  appear  also  to  refer  especially  to  the  greenstone  schists  when 
they  speak  of  the  stratiform  series  as  exhibiting  greater  alteration  in 
the  vicinity  of  the  masses  of  eruptive  granite,  than  at  distances  £rom 
these  masses.' 

J.  P.  Kimball,  who  wrote  in  1864,'  considered  the  granitic  and  gneissic 
masses  on  either  side  of  the  belt  of  stratiform  rocks,  as  correspond- 
ing to  the  Laorentian  series  of  Ganada,  while  he  parallelized  the  whole 
of  the  stratiform  saccession  with  the  Horonian  series  of  the  north  shore 
of  Lake  Huron,  thus  making  the  granitic  and  gneissic  rocks  the  older 
basement  upon  which  all  of  the  stratiform  Huronian  was  subsequently 
spread,  wholly  by  aqueous  agencies.  None  of  the  various  rocks  which 
Foster  and  Whitney  looked  upon  as  eruptive,  are  thought  by  Kimball 
to  have  had  that  origin,  even  the  various  greenstones  being  taken  to  be 
metamorphic  sedimentary  material.  In  the  case  below  Kimball  appears 
to  refer  particularly  to  the  greenstone  schists,  which  form  our  present 
subject,  and  which,  it  thus  appears,  he  looked  upon  as  the  basement 
member  of  the  Huronian  succession.    He  says:* 

The  gneiss  which  marks  the  honndary  of  the  granite  helts,  and  accordingly  ohar- 
acterizes  the  top  of  the  Lanrentian  series  in  this  region,  the  same  as  It  is  elsewhere 
represented,  is  sncceeded  hy  dark  colored  hornhlendic  schists,  which  conseqaenfly 
represent  the  base  of  the  Azoic  or  Hnronian  series.  These  schists  are  foUowed  by  a 
series  of  angitic  rocks  and  schists,  interstratlfied  with  magnesian  hydrous  rocks  and 
slates,  the  two  kinds  of  rocks  being  represented  on  tbe  one  hand  by  h2n[>erRthene,  pyr* 
oxene,  and  bedded  diorite  passing  into  dioritic  slates,  and  on  the  other  by  talcose 
and  chlorltic  schists.  The  former  character  of  rooks  prevails  to  such  an  extent  as  to 
impart  to  the  lower  members  of  the  Hnronian  series  a  distinctive  augitic  aspect. 
The  several  rocks  composing  this  angitic  zone  are  commonly  of  a  greenish  color,  and 
vary  in  this  respect  chiefly  as  to  shade,  resembling  in  this  particular  the  Lower  Slate 
Conglomerate,  which  marks  the  base  of  the  series  in  Canada,  and  from  which  they 
seem  to  differ  only  in  the  absence  of  pebbles  and  bowlders  from  the  subjacent  Lan- 
rentian rocks,  which  there  form  a  distioguishing  feature.'^ 

I  Report  of  the  geology  of  the  Lake  Superior  land  district,  by  J.  W.  Foster  and  J.  D.  Whitney,  pt,  2. 
The  Iron  Begion,  Washington,  1851,  pp.  16, 17. 

sihid.,  p.  14. 

'Am.  JTonr.  Soi.,  2d  series,  toL  80,  1865,  pp.  290-303. 

^Ibid..  p.  294. 

*Thi8  supposed  similarity  of  the  greenstone  schists  of  Marqaette  to  the  Loirer  Slate  ConglomeratA 
of  Lake  Huron  is  not  borne  out  at  all  by  later  microscopic  and  field  studies.  Indeed,  the  two  have 
nothing  whatever  in  common,  unloM  the  occasional  greenish  color  of  the  Lake  Huron  rocks  be  taken  to 
indicate  such  a  resemblance.  The  Lower  Slate  Conglomerate  of  Lake  Huron,  with  its  graaitio  and 
gneissic  pebbles,  proves  to  be  a  most  completely  detrital  and  plainly  water-formed  mass  composed  chiefly 
of  fragments  of  quarts  and  feldspar,  with  the  alteration  products  of  the  latter,  the  whole  cemented  by 
a  silicious  paste.  This  statement  is  made  only  after  a  careful  examination  of  the  Lake  Huron  region, 
and  after  the  study  of  a  very  large  number  of  thin  sections  from  Logan's  so-called  Lower  Slate  Con- 
glomerate. 
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T.  B.  Brooks,  upon  his  detailed  map  of  the  Marqaette  district'  le^kves 
blank  the  larger  part  of  the  area  occupied  by  the  irreenstone  schists 
which  now  especiallj  concern  us,  indicating  here  and  there  upon  it, 
however,  the  occurrence  of  belts  of  ^^diorite"  and  of  ^'chloritic  and 
dioritic  schists."  All  of  these  rocks  he  evidently  regards  as  belon^ug 
conformably  beneath  the  detrital  quartzites  and  slates  which  form'  his 
division  No.  Y,  of  the  iron-bearing  series,  which  division  appears  in  a 
bold  ridge  along  the  northern  edge  of  the  southern  of  the  two  detrital 
areas  indicated  on  the  outline  map  herewith.  The  diorites  Brooks 
classes  lithologically  with  the  greenstones  interstratified  with  the  de- 
trital rocks  themselves,  though  apparently  looking  upon  them  as  be- 
longing to  much  lower  layers  in  the  succession.  In  this  lithological 
correlation,  as  will  be  seen  in  the  sequel,  Brooks  was  largely  correct, 
since  the  diorites  of  the  greenstone  schist  area  prove  to  be  diabasic 
greenstones  in  dike  form,  and  to  be  entirely  similar  lithologically  to  the 
interbedded  greenstones  of  the  detrital  or  iron-bearing  areas,  with  which 
they  are  also  presumably  wholly  contemporaaeous.  All  of  these  rocks, 
both  massive  and  schistose.  Brooks  plainly  regarded  as  metamorphosed 
water-formed  sediments. 

Wadsworth,  writing  in  1880,'  advocates  in  the  main  the  views 
presented  by  Foster  and  Whitney,  as  will  be  seen  by  the  following 
quotation : 

The  general  stmotare  of  the  coantry  wonld  seem  to  be  as  follows :  The  schists, 
BaodstoneS;  eto.,  having  been  laid  down  in  the  usual  way,  were  then  disturbed  by  the 
eraption  of  the  jasper  and  ore;  this  formed  the  knobs  of  jasper,  the  banding  belong- 
ing to  thefluidal  strpcture,  and  not  to  sedimentation.  Besides  occurring  in  bosses, 
the  jasper  was  spread  out  in  sheets,  and  intruded  through  the  rock  in  wedge-shaped 
masaesy  sheets,  and  dikes.  Much  of  the  original  rock  still  remained  horizontal,  and 
new  sedimentary  deposits  continued  to  be  formed  out  of  the  jasper  and  the  other  rooks. 
Next  came  the  eraption  of  "*diorite/^  which  completed  most  of  the  local  folding  and 
tilting  of  the  strata.  Finally,  the  granite  eruption  took  place  on  both  sides  of  the 
*'  Haronian,"  uplifting  and  contorting  the  strata  near  it,  and  perhaps  laterally  com- 
pressing the  inclosed  iron-bearing  rocks. ' 

Dr.  Wadsworth  does  not  appear  to  express  any  particular  opinion  as 
to  the  stratigraphical  position  of  the  greenstone  schists  of  the  area  now 
especially  nnder  consideration,  speaking  of  them  only  in  connection 
with  all  the  rest  of  the  stratiform  rocks  of  the  region  as  older  than  the 
adjacent  granite  areas.  The  greater  part  of  these  greenstone  schists 
he  wonld  seem  to  have  looked  npon  as  certainly  sedimentary,^  since  he 
records  a  number  of  observations  going  to  show  that  there  is  no  grada- 
tion between  them  and  certain  dike-like  masses  occarring  with  them, 
using  these  observations  in  opposition  to  the  ideas  expressed  by  some 
of  his  predecessors  to  the  effect  that  inasmuch  as  the  massive  rocks  and 

'Geol.  Sarrey,  Michigan,  1873,  vol.  1,  Atlas  pi.  3.    Soe  aliio  pp.  90-104,  aame  vol. 
*  Notes  on  the  Oeology  of  the  Iron  and  Copper  Districts  of  Lake  Superior.    By  M.  E.  Wadsworth 
Rail.  Miuu  Comp.  ZooL  Harvard  College,  Whole  Series,  vol.  7  (Geol.  Series,  vol.  1  No.  1). 
»Xbid..  p.  75.  «Ibid.,  p.  37. 
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the  schists  grade  into  one  another,  the  former  are  of  sedimentary  origin 
as  well  as  the  latter.  That  there  are  genuine  dikes  intersecting  these 
schists  and  having  no  gradations  into  them,  Professor  Williams's  observa- 
tions recorded  in  this  volume,  as  well  as  those  by  Rominger  and  others, 
make  very  plain,  although  even  in  the  case  of  these  genuine  later  dikes 
there  are  at  times  partially  schistose  forms  produced  apparently  by 
secondary  dynamic  agencies.  On  the  other  hand,  it  will  be  seen  from  Pro- 
fessor Williams's  descriptions  that  there  are  other  massive  forms  among 
these  greenstone  schists  which  do  present  every  possible  gradation  into 
the  schists  themselves,  and  must,  therefore,  be  believed  to  have  had  a 
common  origin  with  them. 

Bomiuger,  in  his  account  of  the  geology  of  the  Marquette  region, 
published  in  1881,'  describes  very  fully  the  greenstone-schist  area  which 
Professor  Williams  has  studied.  liomiuger's  mapping  of  this  area  has 
essentially  been  followed  upon  the  small  sketch-map  accompanying  the 
present  volume.  The  rocks  of  this  area  he  describes  under  the  gen- 
eral head  of  the  ''  dioritic  group,"  which  group  he  looks  upon  as  form- 
ing the  basement  member  of  the  Huronian  series  within  which  he  would 
include  all  the  stratiform  rocks  of  the  region,  considering  it  as  placed 
conformably  beneath  the  detrital  strata.  The  origin  ot  the  structure 
of  these  greenstone  schists  he  looks  upon  as  having  been  a  secondary 
one,  although  he  recognizes  distinctly  their  intrusion  by  later  genuinely 
eruptive  dikes.  Inasmuch  as  in  its  more  northern  portion  the  green- 
stone-schist area  presents  numerous  bosses  and  veins  of  granite,  he 
considers  these  as  proving  the  more  recent  origin  of  the  great  granite 
masses  lying  both  to  the  north  and  south  of  all  stratiform  rocks,  thus 
returning,  as  did  Wadsworth  before  him,  to  the  early  expressed  view 
of  Foster  and  Whitney,  with  whom  he  agrees  also  in  considering  that 
the  crumpling  of  all  of  the  stratiform  rocks,  greenstone  schists  and  de* 
tritals  as  well,  has  been  accomplished  by  the  protrusion  of  the  later 
granite  masses  on  either  side.  In  the  same  volume,  and  upon  his  map, 
Dr.  Kominger  indicates  numerous  small  areas  of  massive  and  schistose 
greenstones  as  occurring  in  the  vicinity  of  Negaunee  and  Ishpeming, 
within  the  district  represented  on  the  outline  map  herewith,  as  occupied 
entirely  by  the  detrital  iron-bearing  series.  These  masses  he  regards 
as  forming  portions  of  his  dioritic  group,  although  at  the  same  time 
recognizing  distinctly  the  fact  that  they  occur  at  various  horizons 
among  the  detritals,  which  he  looks  upon  as  lying  wholly  above  the 
main  mass  of  his  dioritic  rocks.  This  anomalous  arrangement  he  ex- 
plains by  representing  that  the  dioritic  group,  inasmuch  as  it  lies  at 
the  base  of  the  entire  stratiform  series,  comes  directly  into  contact 
with  the  granite  protrusions,  whose  metamorphosing  influence  was  so 
great  as  to  cause  the  fusion  of  a  portion  of  these  basement  layers. 
These  fused  portions,  then,  he  imagines  to  have  intruded  themselves 
in  various  shapes  among  the  higher  detrital  layers.*    This  view,  how- 

iQeol.  Survey  Michigan,  1881,  vol.  4,  with  map  of  Harqaette  region* 
>  Jbid.,  pp.  22-39,  particularly  pp.  87,  38. 
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e?6r,  Dr.  Bominger  sabseqaently  abandoned,  as  will  appear  from  the 
fbllomng  qaotation  from  the  manascript  of  his  last  and  yet  unpab- 
ii^bed  report  :^ 

Aa  from  the  massive  form  of  the  dlorites  a  gradation  exists  into  the  schistose  con- 
dition, and  a«  sohistose  strnotore  formerly  appeared  to  me  a  positive  proof  of  a 
former  sedimentary  origin,  I  resorted  in  my  previous  report,  in  order  to  explain  the 
sJmiUrity  in  the  composition  of  the  schists  with  the  massive  diorites,  to  the  hypoth- 
esis of  a  secondary  fosion  of  the  lower  beds  of  sediments  nearest  to  the  focus  of  ceu- 
tial  heat,  and  subsequent .  iigection  of  the  fused  part  into  the  folds  and  fissures  of 
the  remainder  of  the  strata,  simultaneously  also  the  molten  mass  to  have  been  forced 
into  the  fissores  and  crevices  of  the  adjoining  granite.    I  have  since  lost  much  of  my 
faith  in  this  supposition,  since  I  have  convinced  myself  that  schistose  structure  is 
uo't  necessarily  the  result  of  aqueous  sedimentation,  but  that  cooling  eruptive  masses 
Qa<ler  circumstances  can  assume  a  schistose  form.     *     *    *    I  am  inclined  to  suppose 
that  these  schists  so  intimately  associated  with  massive  diorite  beds  are  a  product  of 
their  decomposition,  under  circumstances  favoring  the  schistose  arrangement  of  the 
BM>l«oiiles,  or,  to  speak  in  more  defiqite  terms,  are  a  modified  form  of  these  eruptive 
mntMOQ,  and  do  not  refer  to  former  sedimentary  deposits. 


IMy  examinations  of  the  Marquette  region,  made  at  different  times  iu 
Ui^  summers  of  1883, 1886,  and  1887,  have  served  to  convince  me  thus 
&r  of  the  correctness  of  the  views  of  most  of  the  geologists  who  have 
esisimined  the  region  with  regard  to  the  inferior  position  of  the  rocks  of 
tlie  greenstone  schist  area  to  the  remainder  of  the  stratiform  rocks. 
TU«y  have  also  served  to  impress  me  strongly  with  the  probable  cor- 
rectness of  the  view  which  would  make  at  least  some  granitic  rocks  sub- 
sequent in  point  of  time  to  the  greenstone  schists  themselves,  since  the 
latter  are  so  intricately  penetrated  by  granitic  bosses  and  dikes  in  their 
KKore  northern  portions. 

I  have  also  seen  enough  to  make  me  confident  that  the  dike  masses 
^hich  cut  the  greenstone  schists  of  this  area  are  of  wholly  subsequent 
^te  to  the  schists,  and  indeed  are  equivalent  in  point  of  time  to 
^hoae  intruded  sheets  and  masses  which  lie  within  the  overlying  de- 
ntal iron-bearing  series.    On  the  other  hand,  I  have  seen  some  reason 
^  Suspect  that  nearly  all  previous  geologists  have  been  mistaken  in 
^^'isidering  the  rocks  of  the  greenstone- schist  area  as  belonging  within 
^^  same  great  geological  period  as  that  which  holds  the  remainder  of 
*^^  stratiform  rocks  of  the  region.    In  other  words,  it  thus  far  appears 
^  J*ie  that  there  is  good  reason  to  believe  that  these  greenstone  schists 
^^Ug  with  the  granites,  gneisses,  etc.,  form  a  portion  of  the  basement 
*^Poii  which  the  overlying  detrital  iron-bearing  series  was  once  horizon- 
^Hliy  and  unconformably  spread.    That  they  do  not  constitute  the  cou- 
^^mably  underlying  basement  beds  of  that  series  is  suggested  by  a 
^^nee  at  the  map  (PL  I),  from  which  it  will  be  seen  that  they  do  not 
^^erywhere  appear  between  the  granite  areas  and  the  detrital  rocks 
^^^emselves,  the  granite  at  times  coming  iu  contact  with  them,aud  again 
^Hh  the  higher  stratiform  horizons.     But  this  anomalous  arrangement 
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might  possibly  be  explained  by  the  eraptive  natare  of  the  granite, 
which,  since  eraptive,  would  come  up  indifferently  at  any  horizon  of 
the  rocks  intruded  by  it.  However,  that  the  granite  is  not  newer  than 
those  stratified  rocks  which  overlie  the  greenstone  schists  there  appears 
very  excellent  proof.  At  a  number  of  points  where  the  detrital  beds, 
whioh  form  the  basement  members  of  the  iron-bearing  series  proper, 
come  in  contact  with  the  granite,  they  contain  its  debris  in  a  very  notable 
fashion,  while  they  are  entirely  devoid  of  granitic  veins,  such  as  occur 
where  the  greenstone  schists  come  into  contact  with  the  granite.  If, 
then,  the  granites  are  of  one  general  age,  it  appears  manifest  that  they 
are  newer  than  the  greenstone  schists,  but  older  than  the  overlying 
strata.  Moreover,  there  are  several  points  on  the  contact  line  between 
the  detrital  rocks  of  the  iron-bearing  series  and  the  anderl,ving  green- 
stone schists,  where  a  conglomerate  is  to  be  seen,  in  which  are  included 
not  only  namerous  granitic  fragments,  but  also  large  sized  pieces  of  the 
greenstone  schists  themselves. 

Since  the  occurrence  of  these  basal  conglomerates  is  a  matter  of  so  im- 
portant a  bearing  on  the  geologic  structure  of  this  region,  it  is  desira- 
ble that  the  points  of  their  occurrence  should  be  briefly  indicated  here. 
Beginning  with  the  south  side  of  the  main,  or  southern  area  of  the  iron- 
bearing  series,  indicated  on  the  accompanying  sketch  map,  it  may  be 
noted  in  the  first  place  that  at  several  points  along  the  contact  line 
in  Sees.  1,  2,  3,  4,  and  5,  T.  47  K,  B.  25  W.,  the  basal  quartzite  of  the 
detrital  series,  which  is  in  general  made  up  almost  complet>ely  of  quartz 
fragments  cemented  by  a  siliceous  matrix,  takes  on  a  peculiar  charac- 
ter, containing  at  times  a  large  quantity  of  pinkish  orthoclase,  along 
with  a  good  deal  of  sericitic  mica.  This  peculiar  rock  was  regarded  by 
Dr.  Eominger  as  having  been  altered  from  the  quartzite  by  its  contact 
with  the  more  recently  erupted  granite.  A  study  of  the  thin  sections, 
however,  reveals  the  completely  fragmental  nature,  not  merely  of  the 
quartz,  but  of  the  feldspar  pieces,  while  the  sericitic  ingredient  appears 
to  have  arisen  from  an  immediate  alteration  of  the  feldspar  fragments. 
These  feldspathic  fragments,  as  also  the  quartz  mingled  with  them,  are 
of  the  kinds  characteristic  of  granite,  and,  moreover,  are  entirely  iden- 
tical with  those  occurring  in  the  granite  with  which  this  peculiar  rock 
is  in  contact.  Southwest  of  Goose  Lake,  however,  in  Sees.  21  and  22, 
T.  47,  R.  26  W.,  there  are  much  more  obvious  occurrences  of  gran- 
itic debris.  In  the  lower  detritals  of  the  iron-bearing  series  near  the 
southwest  quarter  of  section  22  may  be  seen  layers  of  fragmental  quartz 
slate  holding  seams  of  granitic  pebbles ;  while  in  the  southeast  quarter 
of  the  same  section  contacts  are  seen  between  the  fragmental  quartzite 
p,nd  masses  of  the  granite,  the  quartzite  at  the  contact  being  crowded 
with  bowlders  and  fragmental  material  of  all  sizes  derived  from  the 
granite.  It  is  not  evident  whether  the  granitic  masses  here  seen  are 
brought  to  view  by  a  fold  of  the  strata,  or  are  directly  connected  at 
(Surface  with  the  main  granitic  mass  lying  to  the  southeast  of  them,  the 
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exact  oatliiies  of  the  areas  occupied  by  different  rocks  in  this  vicinity 
h&ving  never  been  traced.  These  occurrences  were  noted  by  Dr.  Rom- 
iuf^er,^  who  also  describes  similar  ones  as  obtaining  in  the  southwest- 
era  portion  of  the  same  township.  It  should  also  be  said  that,  at 
nocueroas  points  along  thJ3  line,  the  quartzite  contains  pebbly  beds  in 
ivvliich  the  pebbles  are  of  a  qnartzite  whose  microscopic  features  prove 
to  be  those  so  well  known  as  characteristic  of  the  quartz  of  granite. 

Turning  now  to  the  northern  line  of  the  same  area  we  may  note  first 
tlxe  conglomerate  to  be  seen  on  the  side  of  the  so-called  State  Boad, 
mnning  west  from  Marquette  at  a  point  near  the  west  line  of  the  SW. 
\  ol  the  SE.  i  sec.  29,  T.  48  N.,  R.  25  W.    This  is  exactly  on  the  line 
bet^ween  the  greenstone-schist  area  and  the  area  occupied  by  the  detrital 
Tocks,  which  just  here  are  thinly  banded  slates,  standing  vertical  qr 
even  overturned  slightly  so  as  to  dip  to  the  northward  and  to  lie  in  gen- 
eral conformity  to  the  cleavage  of  the  greenstone  schists  immediately 
north.    These  slates,  whose  lithological  character  is  one  very  commonly 
met. with  at  the  base  of  the  iron-bearing  series  in  many  different  por- 
tions of  the  Lake  Superior  region,  are  proved  by  the  thin  sections  to 
be  quite  beyond  question  water-formed  detritals  and  at  the  same  time 
to  present  a  most  striking  contrast  with  the  hornblendic  and  chloritic 
gr^eenstone  schists  lying  immediately  north  of  them.    This  contrast, 
hovever,  though  very  distinct  in  the  thin  section,  is  by  no  means  so 
Pi'onounced  in  the  hand- specimens  which,  though  one  sees  that  they  are 
^^  two  different  natures,  might  nevertheless  be  readily  taken  to  be  all 
^^  the  same  origin.  At  the  point  indicated  the  fragmental  slates  become 
ci^wded  with  large  and  small  fragments  of  granite,  quartz,  and  green 
^bi^t,  the  quartz  pebbles  usually  being  of  rather  small  size,  while  those 
^^  g:ranite,  which  are  the  most  numerous,  are  well  rounded  and  reach  as 
^^ch  as  two  feet  in  diameter.    The  green  schist  pebbles,  on  the  other 
"**id,  are  not  so  plentiful,  but  are  still  abundant  and  of  all  sizes,  from 
^^o  smallest  particles  up  to  pieces  a  foot  across.    The  larger  schist 
^'^oes  are  somewhat  rounded,  but  in  the  main  they  are  all  far  less  so 
^°^ti  the  fragments  of  granite  and  quartz.    The  thin  sections  cut  from 
^'^^  matrix  of  the  rock.show  that  it  is  completely  of  a  detrital  nature. 
^^  the  north  side  of  Teal  Lake,  at  both  eastern  and  western  extremities, 
^'^  tbond  other  conglomerates,  in  one  case  holding  only  quartz  pebbles, 
^^^  in  the  other  case  pebbles  not  only  of  quartz,  but  of  greenish  schists 
^    ^eU. 

^^mning  our  attention  now  to  the  northern  one  of  the  two  detrital 
^'^^^is  indicated  on  the  sketch-map  herewith  (PI.  I),  I  may  note  the  oc- 
^^'^^^^rence  at  a  number  of  points  along  its  southern  margin  of  conglom- 
^^^^tic  layers  of  quartzite  and  sandstone,  in  which  are  contained  peb- 
^^^«  of  white  quartz,  which  pebbles  are  at  times  identical  in  microscopic 
*^^  macroscopic  appearance  with  the  quartz  of  certain  seams  in  the 
K^^nish  schists  (as,  for  instance,  on  the  west  line  of  Sec.  20,  T.  48  N.,  R. 
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27  W.),  or  with  that  of  the  granite  (as,  for  instaiice,  near  the  middle  of 
the  fionth  half  of  Sec.  17,  T.  48  N.,  R.  26  W.),  against  which  different 
rocks  the  qnartzites  rest  indifferent  places.  Near  the  middle  of  Sec  21, 
T.  48  K,  B.  27  W.,  the  qnartzite,  resting  here  against  certain  agglom- 
eratic  green  schists,  contains  not  only  fragments  of  quarts  like  that  of 
numerous  seams  in  the  green  schistsf  but  also  pieces  of  the  green  schists 
themselves,  which  in  some  cases  are  several  inches  in  diameter. 

But  the  most  striking  occurrences  of  basal  conglomerates  upon  the 
edges  of  this  area  of  detrital  rocks  are  those  to  be  met  with  in  the 
northern  and  western  portions  of  T.  49  N.,  B.  28  W.  One  of  these  places, 
to  which  my  attention  was  first  drawn  by  Mr.  G.  E.  Wright,  the  state 
geologist  of  Michigan,  is  on  the  northwestern  shore  of  Silver  Lake,  in 
the  SE.  i  of  the  N  W.  ^  of  Sec.  8.  Bising  abruptly  all  along  the  north- 
ern side  of  this  lake  is  a  bold  ridge  of  granite  with  which  are  associated 
several  kinds  of  schistose  rocks,  very  prominent  among  which  is  a  fine- 
grained green  schist  entirely  analogous  in  general  appearance  to  the 
greenstone  schists  which  form  the  special  subject  of  this  paper.  At 
the  particular  point  to  which  attention  is  now  directed,  this  granite  pro- 
trudes in  places  into  the  lake  in  low,  shelving  ledges,  facing  which,  and 
lying  within  the  cracks  of  which,  is  a  black  cherty  slate.  Following 
the  shore  along  to  the  southwestward  from  these  exposures,  the  cherty 
slate  is  found  more  largely  developed,  occupying  a  large  hollow  in  the 
surface  of  the  granite,  and  becoming  crowded  with  its  fragments  of  all 
sizes,  from  a  fine  detritus  up  to  pieces  two  feet  in  length.  These  frag- 
ments, though  prevailingly  snbangular  to  angular  in  outline,  generally 
present  some  evidence  of  water-wearing.  Many  of  them  are  quite 
gneissoid  in  structure,  while  others  are  more  granitic,  two  principal 
phases  being  thus  presented.  The  thin  sections  made  from  the  speci- 
mens selected  on  the  ground  as  characterizing  these  two  phases  of  peb- 
bles, and  also  the  granitic  and  gneissoid  phases  of  the  granite  against 
which  the  conglomerate  rests,  show  the  entire  indentity  of  the  frag- 
ments and  the  massive  granite.  In  addition  to  the  granite  fragments 
are  rarer  ones  of  white  quartz,  these  occasionally  being  of  some  size, 
and  others  of  a  greenish  schist  entirely  analogous  to  that  green  schist 
which  occurs  here  in  situ  along  with  the  granite.  The  matrix  of  this 
conglomerate  is  a  dark  gray  to  nearly  black,  carbonaceous,  cherty  slate, 
which  in  the  thin  section  shows  a  predominating  quantity  of  a  cherty, 
chemically  deposited  silica,  with  which  are  mingled  varying  proportions 
of  fragmental  material,  this  fragmental  material  being  com][K>sed  of 
pieces  of  quartz  and  feldspar,  and  again,  when  the  pieces  become  coarser, 
of  a  granite  in  which  these  same  minerals  are  attached  to  each  other. 
At  times,  as  is  so  commonly  the  case  among  the  cherty  rocks  of  the 
iron- bearing  series  generally,  throughout  the  Lake  Superior  region,  there 
is  a  brecciated  condition  in  this  slaty  matrix  itself;  that  is  to  say,  irregu- 
lar, angular  pieces  of  the  carbonaceous  cherty  material  are  cemented 
together  by  a  matrix  of  the  same  substance.    Quite  similar  occurrences 
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are  met  with  near  the  center  of  Sec.  19,  of  the  same  township,  where 
black  cherty  slate  and  qaartzitelie  upon  the  east  and  south  flanks  of  a 
bold  hill  of  granite ;  botli  slate  and  quartzite,  and  particularly  the  lat- 
ter, being  cit>wded  with  fragments  of  the  granite,  which  range  from 
small  pebbles  up  to  pieces  a  foot  or  more  in  diameter,  the  smaller  sized 
pebbles  being  usually  quite  well  rounded,  while  the  larger  fragments  - 
are  snbangular  to  a^gnlar. 

Such  occurrences  as  these,  when  considered  in  connection  with  the 
manner  in  which  the  granite  penetrates  the  greenish  schists  and  is  in- 
volved with  them,  seem  to  render  necessary  the  belief  that,  while  it  is 
plainly  younger  than  the  green  schists,  it  is  nevertheless  greatly  older 
than  tlie  overlying  detrital  rocks ;  and  more  than  this,  that  when  the 
latter  rocks  were  spread,  the  granites  and  greenstone  schists  together 
had  already  suffered  disturbance  and  deep  denudation.  It  does  not 
appear  possible  to  escape  this  conclusion  by  supposing  that,  since 
granite  and  greenstone  schists  are  eruptives,  they  may  have  furnished 
fragments  to  almost  contemporaneous  sedimentary  ileposits;  for,  in 
the  first  place,  both  the  greenstone  schists  and  the  gueissoid  granite 
must  have  received  their  schistosity  before  yielding  the  fiagments. 
Moreover,  whatever  may  have  been  the  depth  at  which  the  schistose 
rocks  were  first  formed,  the  granitic  masses  which  intruded  them,  ae- 
cording  to  all  the  later  developments  and  doctrines  of  petrography, 
must  have  been  crystalized  in  depth,  and  must  therefore  have  had  re- 
moved from  over  them  great  masses  of  materials  before  yielding  frag- 
ments to  wave  action.  In  this  connection  attention  should  be  drawn 
to  the  fact  that  there  are  evidently  granitic  rocks  of  two  different  ages 
in  the  great  granitic  areas  of  the  Marquette  region  ;  because  dikes  of  a 
fine  grained,  reddish  granite  are  frequently  met  with  cutting  the  other 
granite,  which  may  be  either  gueissoid  or  not.  These  later  granites, 
which  appear  to  be  of  relatively  small  extent  compared  with  the  main 
mass,  may  perhaps  have  been  even  later  in  time  of  formation  than  the 
detrital  rocks  themselves.  It  seems  probable  that  to  these  later  granitic 
eruptions  we  should  refer  certain  rare  quartz-porphyry  dikes,  and  such 
very  rare  granitic  dikes  as  that  which  is  seen  near  Metropolitan,  in  the 
Felch  Mountain  district,  intersecting  a  ferruginous  schist  of  the  iron- 
bearing  series  itself. 

On  the  whole,  then,  accepting  Prof.  Williams^s  conclusions  as  to  the 
surface  origin  of  most  of  the  greenstone  schists  of  tlie  Marquette 
region,  I  should  suppose  that,  after  the  accumulation  of  these  rocks  to 
the  thickness  of  several  thousand  feet,  they  were  intruded  by  granitic 
bosses.  These  bosses  perhaps  may  have  been  merely  softened  portions 
of  the  underlying  gneissic  basement,  which  indeed  may  be  represented 
in  an  unaltered  condition  in  portions  of  the  granitic  areas  themselves, 
for  all  that  has  yet  been  determined  to  the  contrary.  Subsequent 
mountain-making  movements  brought  about  the  iblding  and  altera- 
tion of  these  enormous  sheets  of  eruptive  material,  now  represented  by 
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the  greenstone  schists.  Following  this  was  the  great  denudation 
which  brought  to  light  the  previously  buried  granitic  masses.  This 
erosion  was  followed  in  turn  by  the  accumulation  in  the  usual  horizon- 
tal position  of  the  iron-bearing  detrital  series,  whose  folding  and  erosion 
were  still  later  processes.  And  yet  this  folding  and  erosion  all  pre- 
ceded the  deposition  of  the  horizontal  Cambrian  sandstones  of  the 
region. 

The  entire  similarity  which  is  shown  by  Prof.  Williams  to  obtain  be- 
tween the  great  dikes  of  diabasic  greenstone  which  traverse  the  green- 
stone schist  area,  and  the  sheets  of  eruptive  greenstone  which  are  in- 
cluded within  the  iron-bearing  series,  furnishes  a  further  confirmation 
of  these  conclusions.  For  the  latter  greenstones  are  in  large  ineasure 
directly  interstratified  with  the  sedimentary  layers  of  the  iron-bearing 
series,  following  the  bending  of  its  layers;  so  that  even  if  these  green- 
stones are  in  the  nature  of  intruded  sheets,  it  seems  necessary  to  be- 
lieve that  their  intrusion  took  place  before  the  folding  of  the  iron-bear- 
ing series.  Now,  the  corresponding  dikes  in  the  greenstone-schist  area 
were  evidently  intruded  subsequent  to  the  production  of  the  schis- 
tosity  of  the  intruded  rocks.  If,  then,  these  are  facts,  the  time  when 
the  iron-bearing  series  was  folded  was  very  much  subsequent  to  that 
time  at  which  the  greenstone  schists  received  their  schistosity.  It  has 
been  mentioned  that  the  schistose  structure  of  these  greenstones  at 
times  corresponds  with  the  bedding  structure  of  the  iron-bearing 
series.  Bat  quite  frequently  there  is  no  such  correspondence,  the  beds 
of  the  latter  series  being  noticeably  at  relatively  lower  angles  when 
compared  with  the  vertical  schistose  structures  of  the  greenstone 
schists  themselves. 

Such  correspondence  in  some  places  and  lack  of  correspondence  in 
others  are  easily  enough  explicable  upon  the  views  that  I  have  ad- 
vanced. However,  there  is  good  reason  to  think  that  at  the  time  of  the 
folding  of  the  iron-bearing  series,  the  greenstone  schists  received  a  sec- 
ond squeezing,  which  developed  further  alterations  and  further  schis- 
tosity. The  later  dikes  just  alluded  to  as  penetrating  the  green  schists 
are  at  times  rendered  somewhat  schistose,  though  far  less  markedly  so 
than  are  the  rocks  which  they  intrude.  The  same  is  true  with  the  green- 
stones that  are  intercalated  in  the  iron-bearing  series,  where  somewhat 
schistose  phases  are  found.  The  structure  of  these  last-named  schis- 
tose phases,  as  also  the  occasional  slaty  cleavage  seen  in  the  detrital 
layers  of  the  iron-bearing  series,  where  it  is  very  strongly  folded,  cor- 
respond in  general  direction,  as  would  be  expected,  with  the  schistose 
structure  of  the  greenstone-schist  areas. 

The  geology  of  that  portion  of  the  Menominee  region  which  has  been 
especially  under  study  in  the  present  connection,  is  indicated  by  the 
outline  map,  Plate  II.  Here,  again,  we  find  a  series  of  detrital  iron- 
bearing  rocks,  lying  between  great  areas  of  granite  and  gneiss.  The 
iron-bearing  rocks  are  generally  quite  closely  like  those  of  the  Mar- 
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quette  region,  the  only  important  differences  being  the  very  great  rar< 
ity  of  greenstone  intrusions,  and  the  very  much  more  closely  crumpled 
condition  which  the'rocks  here  present*  In  the  same  region  are  two 
belts  of  greenstone  schists  closely  analogous  in  general  appearance 
with  those  of  the  Marquette  region.  The  southern  one  of  these  borders 
for  a  long  distance  the  southern  granite  area,  separating  the  granite 
from  the  detrital  rocks  further  north.  The  inclination  of  the  schistosity 
of  the  greenstone  schists  is  almost  vertical,  there  being  generally  a 
slight  southern  departuriB  from  verticality.  Very  high  southern  dips, 
often  approaching  verticality,  also  prevail  among  the  layers  of  the  de- 
trital succession  itself,  although  here  frequently  occur  reverse  dips  to 
the  northward,  often  at  a  flatter  angle. 

The  first  geologists  who  appear  to  have  noted  the  Menominee  rocks 
are  Foster  and  YHiitney  and  Charles  Whittlesey,  as  quoted  in  Foster 
and  Whitney's  work«^  I(y  these  writers  all  of  the  Menominee  strati- 
form rocks,  so  far  as  they  were  encountered  in  the  rapid  trips  by  canoes, 
which  were  at  that  time  the  only  means  of  traversing  the  country, 
were  classed  together  under  the  general  name  of  Azoic  slates.  How- 
ever, the  exposures  of  greenstone  schists,  which  are  met  with  at  Twin 
Falls,  Upper  (Big)  and  Lower  (Little)  Quinnesec  Falls  and  Sturgeon 
Falls,  appear  to  be  directly  referred  to  as  intercalations  of  ^<  Azoic 
slates  and  traps ;  ^  so  that,  while  no  opinion  was  expressed  as  to  their 
straUgraphic  relations  to  the  other  rocks  of  the  region — ^beyond  what  is 
indicated  in  general  statements  as  to  the  greater  recency  of  all  the 
granitic  masses  ot  the  region  as  compared  with  the  schistose  and  slaty 
rocks — it  appears  plain  that  these  geologists  looked  upon  the  rocks 
now  included  under  the  term  of  greenstone  schists  as  partly  eruptive 
and  partly  sedimentary. 

The  same  conclusion  as  to  the  origin  of  these  rocks  appears  to  have 
been  reached  by  Gredner,  who  published  an  account  of  this  region  in 
1869,^  after  having  been  some  time  on  the  ground  as  an  assistant  to 
Prof.  B.  Pumpelly  in  a  private  economic  examination  of  the  lands  of 
the  Lake  Superior  Ship  Canal  Company.  On  account  of  the  slight  de- 
parture from  verticality  towards  the  south;  on  account  of  the  schistose 
structure  of  the  rocks  exposed  at  the  several  falls  of  the  Menominee, 
which  rocks  he  describes  under  the  general  term  of  ^^  Dioritic  Series' 
and  ^^Talcky  Clay  Slate,''  and  because  of  the  prevalence  of  similar 
southern  dips  among  the  detrital  iron-bearing  rocks  farther  north, 
Gredner  considers  the  former  rocks  as  constituting  the  highest  portion 
of  the  entire  succession  of  the  region.  That  there  existed  to  the  south 
of  these  rocks  another  mass  of  granite  do^s  not  appear  to  have  been 
realized  by  Gredner. 

T.  B.  Brooks,  who  followed  Gredner  in  the  Menominee  region  and 


>  Oeologieal  Sarrey  of  the  Lake  Saperlor  Land  DUtrlct,  toI.  2,  pp.  24-81.  See  also  general  seotiOD 
of  the  Lake  Saperlor  region  in  atlas  to  the  same  volame. 

*Die  Torailiiriechen  GebUde  der  oberen  Halbinsel  ron  Michigan  in  Kord-Amerika.  Zeitaohr. 
Deatacb.  geoL  Gesett.,  Berlin,  laOB,  vol.  21,  pp.  616-654. 
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who  pablished  a  brief  accoant  in  the  reports  of  the  Geological  Survey  c^^ 
Michigan^,  a])pear8  to  have  agreed  with  that  geologist  with  regard 
the  relatively  high  position  in  the  series  of  the  greenstone  schists  o- 
the  Menominee  River.    Subsequently  the  same  geologist^  assisted  b^ 
G.  E.  "Wright,  was  engaged  in  a  more  minute  examination  of  thii^^ 
region  on  the  part  of  the  Wisconsin  State  Geological  Survey,  publish 
ing  a  somewhat  elaborate  report  in  1880.*    In  this  report  very  many^— 
more  facts  are  given  than  were  ever  known  before,  all  exposures  seen^ 
being  very  accurately  and  carefully  indicated  upon  the  accompanying^ 
maps.    This  detailed  work,  however,  does  not  appear  to  have  altered  J 
Brooks's  opinion  as  to  the  relatively  high  position  in  the  Menominee    * 
series  of  the  greenstone  schists  now  especially  under  consideration, 
although  it  appears  that  he  would  now  correlate  them  with  still  higher 
layers  of  the  Marquette  series  rather  than  with  those  to  which  he 
had  previously  referred  them.    As  to  the  origin  of  the  greenstone 
schists,  Brooks  would  seem  to  have  regarded  them  at  first  as  all  sedi- 
mentary; at  all  events  when  the  Michigan  report  referred  to  was 
written.^    Later,  however,  he  appears  to  have  been  disposed  to  separate 
from  the  rest  certain  diabases  as  eruptive,  thus  coming  nearly  to  tbe 
same  conclusion  as  that  reached  by  Greduer.^    To  convey  Brooks's  con* 
ception  of  the  structure  of  this  region  more  clearly,  there  are  given  here 
two  sections,  coustructed  from  general  sections  given  by  him  upon 
Plates  27  and  29  of  the  atlas  to  the  Geology  of  Wisconsin.    The  granitic 
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Fio.  1.  Hyi>othetical  section  of  the  Menominee  region  in  the  vicinity  of  Qninnesec,  according  to 
Brooks ;  I,  Sericitic  siates ;  II,  quartzite ;  V,  limestone ;  VI,  the  great  iron  horizon ;  XIV,  qaartsite : 
XV  to  XIX,  greenstone  schists,  etc. ;  XX,  Hnronian  granite;  P,  Potsdam  sandstone.  Scale  13,000 
foet  to  the  inch. 

and  gneissic  rocks  to  the  north  Brooks  regarded  as  having  formed  part 
of  the  ancient  Laurentian  basement  upon  which  all  of  the  slates  and 
schists  were  subsequently  piled.  From  this  northern  granite  to  the 
granite  on  the  south  side  of  the  Menominee  he  looked  upon  the  entire 
succession  as  an  ascending  one,  though  admitting  certain  bowings  of 
the  strata.  The  southern  granite,  as  to  whose  sedimentary  or  eruptive 
origin  he  appears  to  have  been  doubtful,  he  places  as  the  summit  mem- 
ber of  the  Huronian  series.  The  entire  succession  he  divides  into  three 
portions,  beginning  below  or  to  the  north,  as  follows  :  Lower  Huronian, 

>  Geol.  Miobigan,  vol.  1, 1873,  pp.  157-182.    See  also  atlas  to  the  Kamc,  PI.  4. 

sQeol.  Wisconsin,  vol.  3,  1880,  pp.  430-663 ;  also  atlas.  Pis.  28-30. 

s  Geol.  Michigan,  vol.  1, 1873. 

«  Geol.  Wisconsin,  vol.  3, 1880.  p.  521. 
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5,200 feet ;  Middle  Haroniw,  3,100  feet;  Upper  Horonian,  10,700  feet; 

laaking  iu  all  a  maxiiuain  thickness  of  19,000  feet  beneath  the  upper  or 

Boathern  granite.    The  surface  distribution  of  the  uppermost  of  these 

three  divisions  corresponds  almost  exactly  with  the  areas  of  greenstone 

schists  indicated  upon  the  outline  map  herewith  ( PI.  II).  The  more  nortb- 
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^Q<  2.  Hypothetical  MCtkm  of  th«  Menoaiinee  region  in  the  rioinlty  of  Twin  Falla,  according  to 
Brooks.  Seale  13,000  feet  to  the  inch.    Letters  and  ehadings  have  the  aame  significations  as  in  Fig.  1. 

ern  area  of  greenstone  schists,  namely,  that  which  is  sectioned  by  the 
Menoitiinee  river  at  Twin  Falls,  is  made  on  Brooks's  structural  sketches 
to  be  brought ix)  view  by  a  synclinal  depression  of  the  strata.  For  this 
^ew  of  the  structure  of  the  region  there  never  was  any  other  support 
tbaa  the  very  slight  departure  from  verticality  towards  the  south  of 
the  scliistose  structure  of  the  southern  greenstone  schists  and  a  pre- 
vailing similar  inclination  in  the  detrital  iron  bearing  series  proper. 
^0  contacts  of  the  different  kinds  of  rocks  were  observed  to  support 
Brooks^8  hypotheses  as  to  the  relatively  high  position  of  the  greenstone 
s<}higt6  and  southern  granite,  between  which  and  the  other  stratiform 
roeku  there  is  indeed  usually  a  wide  belt  of  country  without  exposures, 
^n  the  other  hand,  the  extraordinary  similarity  of  these  greenstone 
schists  to  those  which  Brooks  regarded  as  underlying  the  entire 
Harqaette  series  appears  to  have  been  disregarded,  as  also  was  the 
<^uiplete  similarity  between  the  northern  and  southern  granites,  and 
Again  between  the  contact  of  the  southern  granite  with  the  green* 
ctone  schists  next  to  it,  and  the  corresponding  contact  in  the  Marquette 
region. 

fiominger,  who  followed  Brooks  iu  the  Meuominee  region  in  1880 
and  published  an  account  of  his  observations  in  1881,  appears^  to  have 
realized  very  vividly  the  difficulties  met  with  in  accepting  Brooks's 
structural  hypothesis.  He  represents  ail  of  the  greenstone  schists  of 
the  region  as  belonging  at  the  base  of  the  entire  stratiform  series,  and 
as  equivalent  in  position  and  nature  with  the  similar  rocks  of  the  Mar- 
quette region.  The  northern  and  southern  granites  Bominger  looks 
upon  as  the  same,  and  as  intrusives  of  a  date  later  thau  the  accumulation 
of  the  entire  stratiform  succession.  As  to  origin,  he  evidently  looked 
upon  the  greenstone  schists  as  altered  sedimentaries,  assigning  the 
relatively  great  alteration,  which  on  this  view  they  must  be  assumed 
to  have  undergone,  to  the  action  of  the  later  granitic  bosses ;  in  which 


>QeoL  Surrey  Michigan,  voL  4, 1881,  pp.  167-241. 
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View  he  fails  quite  to  explain,  as  he  does  in  the  case  of  the  Harqnette 
region,  how  the  southern  granite  of  the  Menominee  area  should  have 
produced  so  great  alterations,  while  that  on  the  north  <iomes  in  contact 
with  wholly  unaltered  detrital  rocks,  to  which  moreover,  as  Brooks  had 
previously  shown,  it  furnishes  an  abundance  of  detrital  material.   Ua- 
fortunately,  though  describing  carefully  very  many  exposures  not  re- 
corded on  Brooks's  map,  Bominger  gives  no  sections  indicative  of  his 
views  as  to  structure.    Just  what  his  ideas  were  in  this  respect  it  t^ 
not  easy  to  make  out  from  his  descriptions,  but  it  appears  evident  tb^^ 
with  him  the  greenstone  schists  lie  at  the  base  of  the  succession;  tb^^ 
they  are  next  succeeded  in  order  by  those  slates  which  lie  about  Lal^^ 
Hanbury ;  that  these  are  succeeded  by  the  great  ore  horizon,  and  tb^^ 
by  the  great  limestone  bed  of  the  region  with  a  thickness  of  a  thousaf  ^ 
feet  and  more.    Thus  he  reverses  entirely  the  succession  as  given  \^^ 
Brooks,  and  as  it  appears  in  nature  so  far  as  the  limestone  and  oi 
belts  are  concerned.    What  stratigraphical  position  Bominger  wdut' 
give  to  those  great  masses  of  quartzite  which  lie  adjacent  to  the  norther^^ 
granite  in  Menominee  belt  I  have  not  been  able  to  understand  distinctly 
from  his  descriptions.    The  Twin  Falls  greenstone  schists  he  wonU 
pliiee  along  with  the  Quinnesec  series  at  the  base  of  the  entire  succes- 
sion, bringing  them  to  the  surface  by  an  anticlinal  instead  of  a  syn- 
clinal  fold,  such  as  is  resorted  to  by  Brooks.    The  following  paragraphs 
are  quoted  from  Bominger,^  as  indicative  of  his  views  upon  these  points : 

A  saperpositionof  the  diorite  formation  on  the  Lake  Hanbary  rook  series,  which 
adjoins  in  the  whole  length  of  the  Menominee  valley  from  the  upper  Qainneseo  Falls 
to  the  Sturgeon  Falls,  asserted  by  M^Jor  Brooks,  is  not  observable ;  the  nearly  verti- 
cal strata  of  both  formations  are  even  never  seen  in  contact.  There  is  always 
quite  a  large  covered  interval  between  them.  The  nearest  exposures  of  the  two  groups 
are  observable  in  Sec.  26,  T.  39,  B.  29,  where,  in  the  center  of  the  section,  a  hill  is  formed 
of  the  vertical  ledges  of  ferrugino-siliceons  flagstones  and  slaty  beds  representing  the 
Lake  Hanbury  series,  and  about  two  or  three  hundred  steps  from  these  exposures  we 
find  ou  the  south  side  of  the  road  to  Menominee  small  hillocks  of  diorite.    •      •     • 

My  reasons  for  holding  the  dioritic  rocks  south  of  the  iron  formation  as  older 
than  the  latter  are  based  on  the  lithological  similarity  of  this  formation  with 
the  dioritic  group  of  the  Marquette  district  and  on  the  degree  of  metamorphism  ex- 
hibited by  the  two  groups,  the  dioritic  and  the  iron-bearing.  In  the  great  succession 
of  strata  commencing  with  the  Hanbury  slate  group  and  upward  we  rarely  find  a 
bed  so  much  altered  that  its  sedimentary  structure  is  altogether  obsolesced,  and  the 
majority  of  the  strata  shows  it  very  plain,  while  in  the  dioritic  rooks,  considered^  to  be 
the  youngor,  a  strati  &ed  structure  is  also  recognizable,  but  not  one  of  these  thousands 
of  feet  of  ledges  exhibits  its  original  sedimentary  lamination  with  any  degree  of  dis- 
tinctness like  the  others ;  they  have  evidently  been  transformed  under  cooperation 
of  heat  and  partially  brought  into  a  plastic  condition,  which  is  shown  by  the  ex- 
treme corrugation  and  mode  of  intermixture  of  those  rock  masses,  of  which  effects  the 
other  rock  groups  do  not  exhibit  near  as  high  a  degree.  It  would  be  very  strange, 
then,  if  the  lowest  beds  nearest  to  the  focus  of  the  central  heat  should  have  been  so 
much  less  affected  by  these  altering  influences  than  those  pretended  to  be  the  higher 
npper  strata  of  the  rock  crust.  One  might  object :  If  the  diorites  are  the  older  bedsi 
why  don't  we  find  them  just  as  well  developed  on  the  north  side  of  the  upheaved  beds 
between  the  quartzite  and  the  granite  f    The  sandy  and  conglomeratic  nature  of 

•Oeol.  Survey  Michigan,  vol.  4,  1881,  pp.  208-210. 
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mftDj  of  the  strata  of  the  quartzite  and  iron  formatioil  proves  them  to  be  shore  depos- 
its, while  the  dioritic  group  consists  only  of  the  finer  material  of  deep  sea  deposits, 
which  explains  the  point  in  question.  Moreoveri  the  dioritic  rocks  are  not  altogether 
miagmg  on  the  north  side  of  the  ore-formation,  as  we  can  see  by  the  occurrence  of  the 
6-inile-loDg  chain  of  diorite  extending  eastward  from  the  Twin  Falls.  A  similar  dis- 
oropancy  between  the  rooks  underlying  the  ore-formation  on  the  two  opposite  sides 
of  its  exposure  is  seen  in  the  Negannee  district.  On  the  south  margin,  at  the  Cas- 
cade and  Palmer  mines,  it  rests  directly  on  the  granite,  while  on  the  northern  expo- 
snresthe  diorite  underlies  it  in  great  thickness. 
The  equal  dip  of  the  strata  to  the  south  in  these  adjoining  formations  is  not  neoes- 
I  sarily  a  proof  of  the  younger  age  of  the  most  southern  beds.  The  whole  succession  is 
80  Dear  to  a  vertical  position  that  in  many  instances  it  has  to  be  left  uncertain  which 
way  they  dip,  but  suppose  their  dip  is  conformably  to  the^south ;  the  upheaval  of  the 
diorites  by  the  emptiou  of  the  still  more  southern  grauite  masses  pushing  the  whole 
iDenmbent  roek-series  north  until  all  ti|>ped  over  is  the  hypothesis  by  which  I  explain 
the  order  in  thesuccessionof  bedsas  an  inverted  one,  the  seemingly  lowest  beds  being 
actually  the  youngest. 

In  my  own  studies  in  the  Menominee  region,  made  in  the  summers  of 
1883  and  1885, 1  became  early  impressed  with  the  close  similarity  be- 
tween the  greenstone  schists  of  the  Menominee  Biver  and  those  which 
underlie  the  iron-bearing  series  of  Marqnette ;  with  the  entire  similar- 
ity l)etween  the  rest  of  the  stratiform  rocks  of  the  region  and  those  of 
the  Marqnette  district;  with  the  essential  identity  in  character  of  the 
P&nite  areas  lying  respectively  on  the  northern  and  southern  sides  of 
the  Menominee  Eiver ;  with  the  granitic  intrusions  met  with  in  the  green- 
stone schists  bordering  the  southern  granite,  and  with  the  striking  con- 
trast between  the  nature  of  this  contact  and  that  of  the  northern  gran- 
ite with  the  detrital  rocks  which  border  it  ta  the  south.  In  the  latter 
case  the  granite,  instead  of  sending  intrusions  into  the  rocks  which 
i^t  against  it,  has  furnished  fragments  to  them,  as  may  be  most  beau- 
tifolly  seen  at  the  Falls  of  Sturgeon,  Sturgeon  Eiver,  on  the  eastern  side 
of  Sec,  8,  T.  39,  R.  28  W.,  Michigan.^    These  considerations  naturally 

'Forpreviona  descriptions  of  the  striking  occnrrences  at  the  Falls  of  Stargoon,  Sturgeon  Biver. 
•MOredner  in  "Die  vorsUarischen  Oebilde  der  oberen  Halbinsel  von  Michigan,"  Zeitsohrift  der 
neotoelien  geologischen  Gesollschaft.  vol.  21, 1869.  p.  521,  et  seq. ;  also  T.  B.  Brooks,  in  OeoL  Wisconsin 
▼oL2,1080,  pp.  467.  468.  and  Atlas,  PL  38;  also,  see  Rominger,  Geol.  Michigan,  vol.  4,  p.  192.    The 
gnnitic  fragments  at  this  place  occor  in  a  fine-grained  slaty  rock,  in  which  there  is  a  great  deal  of 
a^ricitic  material,  which  at  times  gives  the  slate  somewhat  the  look  of  a  crystalline  schist.    This  fact, 
aloBg  with  the  alight  inclination  from  the  vertical  towards  the  north,  and  therefore  towards  the  gran- 
ite, which  is  so  largely  exposed  farther  np  the  stream,  led  Oredner  to  include  these  conglomeratic  lay- 
ers, aloDg  with  the  granite,  as  Lanrentian,  the  great  quartzite  mass  farther  south  being  taken  by  him 
at  the  basement  member  of  the  Hnronian.    Brooks,  however,  objects  to  this  conclusion,  considering 
that  the  conglomerates  to  be  seen  at  this  place  are  genuinely  basal  conglomerates,  and  that  they  form 
the  lowest  portion  of  the  Hnronian  region.    To  support  this  view,  Brooks  draws  attention  to  the  fre« 
qoAOt  arenaceoas  natnre  of  the  conglomeratic  slates;  their  ripple-marked  surfaces;  their  generally 
little  altered  appearance;  their  parallelism  of  strike  with  the  admitted  Haronian  beds  farther  south, 
and  the  lack  of  parallelism  between  this  strike  and  such  structures  as  is  to  be  seen  in  tho  granitic  and 
gnriasio  rocks  on  the  north.    Bominger's  description  corresponds  with  that  of  Brooks,  except  that  he 
aeeiDS  to  describe  a  granitic  mass  or  sheet  as  occurring  interleaved  with  the  conglomerates  themselves, 
a  statement  for  which,  in  my  examinations,  I  could  find  no  support  whatever.    Rominger,  however^ 
to  whom  the  greater  recency  of  all  the  granite  as  comparcMi  with  all  tho  stratiform  rocks  was  an  ac< 
eepted  conclusion,  explains  the  occurrences  as  he  saw  them  by  the  singular  suppusitioa  that  "  wehave 
here  evidently  a  series  of  sedimentary  beds,  deposited  on  a  granitic  Mubstratum,  vvhich,  during  the  up' 
kea^al,  beoame  wedged  in  between  the  plastic  granite  mass,  tilting  sind  overlapping  them  lorally  so  as 
to  appear  as  the  lower  beds,"  thus  making  the  same  granite  yield  fragments  to  tho  sedimcntaries,  and 
pii\Me^acatljr  iDtn]l49  t^VVli   U  alioald  \f^  said  (hat  tho  examioatloos  of  tbe  several  geologist^  wor« 
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led  me  to  the  conolasion  that  the  whole  straotare  in  this  district  is  sim- 
ilar to  that  already  described  as  obtaining  in  the  Marqaette  region, 
namely,  that  the  granitic  masses  had  intruded  themselves  in  the  shape 
of  great  bosses  into  rocks  now  represented  by  the  greenstone  schists, 
after  which  followed  a  protracted  period  of  disturbance  and  denadation 
before  the  deposition  of  the  overlying  detrital  and  iron-beaving  rocks 
of  the  region.  Taking  Major  Brooks's  detailed  map  of  the  Menominee 
district,  published  in  the  atlas  of  the  Wisconsin  survey,  I  platted  upon 
it  all  of  the  exposures  described  by  Bominger  and  not  mapped  by 
Brooks,  which  exposures  amount  in  all  to  a  large  number.  Examining, 
then,  the  more  import^t  of  the  exposures  of  the  region,  I  encountered 
still  others,  which  were  also  platted  upon  the  same  map.  Two  sections 
were  then  constructed  across  the  district  from  southwest  to  northeast, 
upon  which  were  platted  all  of  these  exposures,  with  their  dips ;  and  it 
should  be  said  that  very  many  new  facts  in  this  direction  have  been 
developed  of  late  years  by  mining. 


H        V 


R 


o  .  y 

C  D  E       DC 

77T 


IAN 

DE     DCBCDEO     CBJ^GXSi 


Fig.  3.  Hypothetical  sectioii  of  the  ICeDominee  region  in  the  vicinity  of  Qainnesec  Valley,  aooord- 
ing  to  R.  D. Irving.  A,  basal sericitic  qnartz slates;  B,  quartsite;  C,  limestone;  D,  iron  horison ;  B, 
slates  and  qoartzitea ;  G,  granite  and  Sch.,  schists  of  the  Lanrentian.    Scale,  13,000  feet  to  the  inch. 

It  has  thus  become  evident  that  a  structure  such  as  is  indicated  in 
the  accompanying  Fig.  3  would  not  only  coincide  with  the  recorded 
facts  as  well  as  the  sections  of  Brooks  above  given,  but  very  much  bet- 
ter than  those. 


made  without  the  study  of  thin  sections  of  the  slaty  rocks  here  exposed.  When  examined  microscopi- 
cally, these  roclis  show  their  completely  fl:agmental  natnre,  all  the  alteration  that  they  have  ander- 
i^one  having  been  in  the  nature  of  a  metasomatic  development  of  mica  flakes.  Both  hand  specimens 
and  thin  sections  of  those  Hlates,  moreover,  show  a  most  striking  similarity  between  them  and  the 
slaty  rocks  which  frequently  lie  at  the  base  of  the  Penokee  series  of  northern  Wisconsin  and  Michi> 
gan.  where  they  are  ofleu  in  contact  with  granitic  rocks,  of  which  they  hold  fragments.  Similar  elatoa 
are  met  with  in  a  number  of  places  at  the  base  of  the  iron-bearing  series  of  the  Marquette  region.  As 
seen  at  the  Sturgeon  Falls,  these  slates  are  at  times  fine  grained  and  thinly  laminated,  arenaceous  and 
sericitic.  and  again  more  closely  grained  and  of  a  vitreous  qnartzitic  appearance,  in  which  cases  the 
predominating  quartz  fragments  have  been  cemented  together  by  secondary  enlargement.  Their  entire 
ackof  anything  like  metamorphism  is  perfectly  plain,  even  without  the  examination  of  the  thin  sec- 
tion, to  any  one  who  has  studied  many  sections  of  such  rocks  from  the  Lake  Superior  conntry.  The 
pebbles  in  these  slates  are  arranged  in  bimds,  with  intervening  less  pebbly  or  non-peb>ly  portious, 
which  portions  are  the  ones  which  show  particularly  the  ripple-marked  surfaces.  The  pebbles  are  in 
the  main  of  a  pinkish  granite  and  gneiss,  wholly  identical  with  the  mass  of  granite  and  gneiss  against 
which  they  lie,  but  iuclude  also  a  smaller  number  of  pieces  of  white  quartz  and  of  a  fine-grained  green- 
stone or  greenstone  schist.  Entirely  similar  quartz  occurs  in  seams  in  the  granit«  close  by,  as  do  also 
masses  of  greenstone  and  greenstone  schist.  Not  only  these  pebbles,  but  the  whole  make-up  of  the 
finer  portion  of  the  rock,  make  it  entirely  evident  to  me  that  we  have  here  to  do  with  a  detritus  derived 
by  water  action  from  the  granitic  and  gneissic  area  immediately  to  the  north.  The  slight  inclination 
away  from  the  vertical  towards  the  granite  which  these  conglomeratic  slates  sometimes  show  is,  of 
coarse,  no  argument  against  their  having  been  deposited  upon  that  granite  as  a  sabstrfitum. 
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THE  GREENSTONE  SCHIST  AREAS  OF  THE  MENOMINEE  AND 

MARQUEHE  DISTRICTS,  MICHIGAN. 


By  GEORaE  Huntington  Williams. 


INTRODUCTION. 

This  memoir  is  intended  as  a  coutribation  to  the  subject  of  dynamic 
or  regional  metamorphism.  It  contains  the  results  of  a  careful  study, 
both  in  the  field  and  in  the  laboratory,  of  an  extensive  series  of  erup- 
tive rocks,  for  the  most  part  of  basic  character.  Although  the  original 
character  of  these  rocks  is  still  evident,  they  are  to  a  large  extent 
cleavable,  and  the  production  of  this  secondary  feature  has  been 
accompanied  by  more  or  less  extensive  chemical  and  structural  altera- 
tions. 

It  is  the  aim  of  this  paper  to  trace  each  of  the  rock  types  repre- 

Rented  within  the  areas  studied  from  its  least  altered  to  its  most 

« 

altered  form,  and  to  discuss  what  may  have  been  the  agencies  which 
produced  the  changes  noticed. 

The  rocks  selected  as  likely  to  throw  additional  light  upon  the  meta- 
morphism of  eruptive  masses  are  so-called  ^^  greenstones  "  and  '^green- 
stone schists,"  which,  in  association  with  certain  more  acid  types,  cover 
extensive  districts  on  the  south  shore  of  Lake  Superior,  where  they 
lie  immediately  beneath  the  iron-bearing  strata.  Two  distinct  and 
sharply  defined  areas  of  these  rocks  were  chosen  as  typical  of  the. 
whole  formation.  Particulars  regarding  their  geographical  positions 
and  their  geological  relationships  have  already  been  given  by  Professor 
Irving  in  his  preliminary  note.  In  the  first  area,  situated  on  the 
Menominee  River,  the  eruptive  character  of  the  greenstones  and  green- 
stone schists  is  plainly  evident ;  within  the  second  area,  near  the  city 
of  Marquette,  the  original  character  of  the  rocks  is  much  less  apparent. 

The  investigations,  the  results  of  which  are  embodied  in  this  mem- 
oir, were  first  suggested  to  me  in  the  spring  of  1885  by  the  late  Prof. 
B.  D.  Irving,  while  he  was  in  charge  of  the  Lake  Superior  division  of 
the  0.  S.  Geological  Survey.  Their  aim  was  to  discover,  if  possible, 
the  origin  of  the  greenstone  schists  of  the  Lake  Superior  region,  and 
at  the  same  time  to  afterd  a  contribution  to  our  knowledge  of  the  meta- 
morphism of  basic  eruptive  rocks  in  general.  In  the  latter  sense  they 
form  a  continuation  of  the  writer's  earlier  studies  of  the  less  altered 
gabbros  occurring  near  Baltimore,  Maryland.^ 


»  Bull.  ir.  8,  GeoL  Survey,  Wo.  28, 188«. 
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Three  weeks  of  the  field  Aeasoa  of  1885  were  spent  in  the  Menomi- 
nee Yalleyt  and  four  weeks  of  1886  in  the  neighborhood  of  Marqaette. 
Dnring  this  time,  with  the  assistance  of  Prof.  W.  S.  Bayley,  the  rocks 
were  examined  in  the  field,  and  ample  material  was  collected  for  their 
laboratory  study,  which  was  carried  on  at  the  Johns  Hopkins  Uni- 
versity, Baltimore,  Maryland,  during  the  winters  of  1885-'86.and  1886- 
'87,  at  such  times  as  could  be  spared  from  regular  university  duties. 
The  entire  investigation  has  been  conducted  under  the  auspices  of 
Professor  Irving,  for  whose  uniform  kindness  and  constant  readiness  to 
supply  every  facility  for  the  work  I  gladly  take  this  opportunity  of 
expressing  my  sense  of  deep  obligation.  My  thanks  are  also  due  to 
M%j.  T.  B.  Brooks  and  to  Prof.  Eaphael  Pumpelley  for  the  loan  of 
microscopic  sections  of  the  Marquette  and  Menominee  rocks,  prepared 
during  the  course  of  the  Wisconsin  State  Geological  Survey ;  and  to 
Mr.  Andrew  G.  Lawson,  Ph.  D.,  lately  of  the  Canadian  Geological  Sur- 
vey, for  the  opportunity  to  make  a  comparative  study  of  closely  allied 
rocks  from  the  Lake  of  the  Woods  and  the  Bainy  Lake  regions. 

I  feel  that  no  especial  apology  is  needed  for  the  constant  use  through- 
out this  paper  of  the  term  ^^  greenstone."  An  opinion  prevails  that  this 
word  is  antiquated  and  not  consistent  with  the  scientific  accuracy  now 
obtainable.  The  very  indefiniteness  of  this  designation,  however,  con- 
stitutes its  chief  value.  It  is  essentially  a  field  term,  such  as  it  is  not 
only  desirable  but  absolutely  necessary  to  employ.  It  is  often  impos- 
sible to  state  with  certainty  in  the  field  whether  a  given  basic  massive 
rock  is  a  gabbro,  a  diabase,  or  a  diorite ;  indeed,  where  such  masses  have 
undergone  extensive  metamorphism,  as  in  the  regions  here  studied,  even 
the  most  careful  microscopical  and  chemical  investigation  may  prove 
inadequate  to  disclose  what  was  the  original  form.  Wherever  accurate 
diagnosis  was  possible,  correspondingly  definite  terms  have  always 
been  employed;  but  for  use  in  the  field  or  where  the  processes  of  alter- 
ation have  obscured  the  original  character  of  the  rock  beyond  recogni- 
tion, an  intentionally  indefinite  designation  is  necessary.  For  such  a 
purpose  it  is  believed  that  no  term  is  better  fitted  than  the  ancient  and 
much  abused  **  greenstone." 

For  convenient  reference  the  specimen  numbers  belonging  to  the  col- 
lections of  the  Lake  Superior  division  of  the  U.  S.  Geological  Survey 
are  here  appended. 

1.  Menominee  Valley 11000-I1I96 

StnrgeoQ  Falls 11153-1U74 

Little <5uinneseo  Falls 11000-11048;  11098-11103 

BigQuinneseo  Falls 11049-11085 

Horse  Race 11086-11096;  11182-11196 

Fonr  Foot  Falls 11142-11152;  11175-11181 

Twin  Falls 11120-11141 

2.  Marquette  region , 11610-11864 

Marquette  area 11610-11734 

Neganneearea 11735-11812 

Northern  area ,. , ,,... 11813-11864 
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The  material  embodied  iu  the  present  paper  will  be  arranged  in  three 
separate  divisions. 

1.  In  chapter  one  the  importance  of  the  service  which  the  microscope 
is  capable  of  rendering  toward  the  solution  of  the  questions  of  archaeau 
geology  will  be  indicated  and  a  sammary  presented  of  the  chief  results 
already  obtained  by  various  workers  in  this  field. 

2.  In  chapters  two,  three,  four,  and  five  the  observations  collected 
daring  an  extended  study  of  the  rocks  of  the  two  areas  selected  will 
be  given  in  detail. 

3.  In  chapter  six  a  connected  discussion  of  these  results  will  be  at- 
tempted, and  a  comparison  of  them  with  those  reached  by  other  observ- 
ers, as  enumerated  in  chapter  one,  will  be  made. 
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OHAPTBE   I. 

PRESENT  STATE  OP  OUR   KNOWLEDGE    REGARDING  THE  META- 

MORPHISM  OF  ERUPTIVE   ROCKS. » 

VALUE  OF  THE  MIOBOSCOPE  IN  THE  STUDY  OP  METAMOBPHISM. 

Ill  comparison  with  the  results  which  have  been  obtained  daring 
nearly  a  century  of  patient  research  among  sedimentary  deposits, 
the  progress  thus  for  made  in  the  domain  of  archean  geology  ap- 
pears small.  Theories  of  the  origin  of  the  so-called  crystalline  schists 
are  almost  as  numerous  as  the  investigators  who  have  examined  them, 
and  yet  the  more  extensive  and  critical  the  studies  of  these  rocks 
become  the  more  obscure  and  anomalous  do  they  appear.  So  varied 
are  the  facts  which  Nature  presents  to  the  observer  in  the  oldest  rocks 
of  the  planet  that  the  conviction  is  soon  reached  that  no  single  hypoth- 
esis or  explanation  can  account  for  them.  It  is  therefore  from  no  lack 
of  interest  attaching  to  the  study  of  pre-fossiliferous  rocks  that  they 
have  heretofore  yielded  so  little  fruit,  but  rather  from  the  insurmount- 
able difficulties  which  have  stood  in  the  way  of  their  satisfactory  in veis- 
tigatiou.  That  the  study  of  fossils  has  made  up  so  large  a  part  of  what 
has  been  known  as  geology  is  the  result  rather  of  necessity  than  of 
choice.  The  lack  of  exact  and  delicate  methods  of  lithological  research 
ha«  confined  the  attention  of  investigators  to  those  formations  where 
lithological  characters  are  of  little  value  on  account  of  the  presence 
of  other  and  more  certain  guides.  The  basement  underlying  all  of  the 
fossiliferous  rocks  has,  therefore,  remained  well-nigh  a  terra  incognita, 
because  there  seemed  to  be  no  available  means  of  exploring  it. 

The  recent  multiplication  of  refined  methods  for  the  investigation 
of  crystalline  rocks,  however,  has  opened  an  almost  new  field  of  geo- 
logical inquiry.  The  difficult  and  obscure  problems  here  presented 
may  now  be  attacked  by  truly  scientific  methods.  The  prophecies 
which  Hermann  Vogelsang  made  in  1867^  for  the  new  departure  in 
geology  have  been  more  than  realized  within  the  last  twenty  years. 
The  almost  new  science  of  petrography  may  be  said  to  have  proved 
itself  capable  of  rendering,  in  the  study  of  the  crystalline  rocks,  a  serv- 
ice equal  to  that  which  paleontology  has  already  given  in  the  de- 
ciphering and  correlating  of  the  fossiliferous  strata. 


*  Thit»  cbapter  was  >vrittr>ii  as  it  now  stands,  <>\ceptia>;  an  oocasinnal  foot  note,  in  1887. 
*Die  Philosopbie  dcr  Gcologie,  Pt.  3,  Modorae  Geologio  odor  mikroskopisohe  GesteiiiBstiidien. 
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IPetrography,  in  its  rapid  development  since  the  introduction  of  the 
microscope,  has  already  passeil  through  two  distinct  periods  and  is 
DO^v  entering  upon  a  third  and  most  important  stage.  At  first  methods 
h^^d  to  be  perfected  for  identifying  the  various  constituents  of  crystal- 
lii[:s€  rocks.  During  this  stage  the  science  was  purely  mineralogical, 
alt;liough  its  methods  were  necessarily  somewhat  different,  both  in  their 
nsktare  and  in  their  application,  from  those  of  ordinary  mineralogy.  The 
at^t^inment  of  this  end  required  the  study  of  a  vast  amount  of  material 
vliolly  without  reference  to  its  geological  significance.^ 

The  second  period  in  the  development  of  petrography  was  occupied 
with  the  investigation' of  practically  unaltered  rock-types,  i.  e.,  of  rocks 
in  which  the  minerals  and  structure  produced  by  their  original  solidifi- 
cation are  still  readily  discernible.    It  has  been  found  from  such  studies 
that  the  relationship  of  the  component  minerals  to  one  another,  or  rock- 
stmctare,  expresses,  to  a  large  degree,  the  circumstances  under  which 
the  original  solidification  took  place,  and  hence  the  importance  of  the 
second  stage  in  the  development  of  modern  petrography. 

The  most  important  problems  presented  by  an  unaltered  massive  or 
igneous  rock  relate  to  (I)  its  chemical  compositioil  and  (2)  to  the  con- 
ditioDg  under  which  it  was  formed.  The  composition  expresses  itself, 
in  a  general  way,  in  the  nature  of  the  component  minerals,  while  phys- 
ical conditions  attendant  upon  the  formation  of  the  rock  may  be  traced 
in  its  structure.  Each  of  these  has  therefore  been,  in  turn,  the  partic* 
niar  object  aimed  at  during  the  first  two  periods  of  potrographical  re 
search. 
But  if  petrography  were  able  to  solve  satisfactorily  all  the  problems 
►  PWfieuted  by  the  unaltered  massive  rocks,  it  would  even  then  be  pre- 
pared only  to  commence  its  most  difficult  and  most  important  mission. 
Kocksare  in  reality  far  from  being  the  dead,  inert,  stationary  masses 
^Wch  they  appear  to  the  ordinary  observer.  The  fascinating  study  of 
chemical  geology,  especially  when  aided  by  the  microscope,  shows  them 
t<>  bein  a  state  of  almost  constant  change.  It  is  true  that  some  of  the 
oldest  rocks  seem  to  have  suffered  hardly  any  alteration  since  they 
^^re  first  formed,  but  most  of  them  are  ever  active  laboratories  where 
oW  products  are  being  pulled  to  pieces  and  new  ones  bailt  up.  The 
tracing  out  of  such  changes  is  an  important  aim  of  petrography  in  its 
present  stage. 

The  student  at  the  microscope  wonders  at  the  minute  bubbles  which 
he  80  often  finds  inclosed  in  the  little  cavities  in  quartz.  So  delicately 
^^  they  poised  that  they  are  sensitive  to  all  the  slight  oscillations  of 
temperature  that  constantly  pass  through  the  microscopic  section,  and 
the  little  prisoners  keep  up  a  never-ending  movement,  as  though  boaf- 


'The  vrHer  haii  given  an  acconnt  of  the  development  of  tliefle.methods  in  a  a  mall  pamphlet,  entitled 
"Kodern  Petrography,"  published  as  No.  1  of  the  Monographs  of  Edacation,  by  Heath  &  Co.,  of 
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ing  ugaiDst  every  side. of  their  narrow  cell  iu  tb^  vain  searcliforan 
exit.  Scarcely'  less  delicate  seems  to  be  the  equipoise  between  the  va- 
rious chemical  compounds  iu  the  earth's  crust  and  the  surrounding 
physical  conditions  under  which  they  exist.  Like  the  constant  changes 
of  temperature  which  pass  through  the  slide  are  the  changes  in  physi- 
cal conditions  to  which  a  rock-mass  is  subjected.  With  those  comes  a 
state  of  more  or  less  unstable  equilibrium  to  the  chemical  compoands, 
and,  like  the  vibrations  of  the  bubble,  molecular  movements  and  re- 
arrangements result. 

There  are  two  distinct  kinds  of  alteration  which  take  place  in  a  solid 
rock-mass,  dependent,  of  course,  on  the  nature  of  the  changed  physical 
conditions.    These  are : 

(1)  Metumorphism  ;  or  the  passage,  under  circumstances  of  high  tem- 
perature or  pressure,  or  both,  of  less  crystalline  into  more  crystalliiK^ 
compounds ;  or  the  change  of  minerals  into  others,  not  less  crystalliuc 
or  insoluble  than  themselves. 

(2)  Decomposition  or  weathering ;  the  passage,  under  ordinary  »»*• 
mospheric  conditions,  of  crystalline  rock  constituents  into  compounci^s 
less  crystalline  and  more  soluble  than  themselves.    This  is  accomplisU^^^^ 
generally  by  hydration  or  carbonatization. 

Both  of  these  processes  are  frequently  seen  to  have  gone  on  in  st*  ^' 
cession  iu  the  same  rock  mass,  the  latter  more  or  less  completely  ^^^ 


facing  the  effects  of  the  former.    While  distinct,  both  processes  ag^ 
in  being  atomic  and  molecular  rearrangements  in  a  solid  mass,  nece$ 
tated  by  some  change  iu  external  conditions.    The  differences  in  thr?^ 
conditions,  however,  produce  widely  different  results;  and  all  of  th^^ 
again  are  essentially  different  from  those  produced  by  the  solidificati 
of  a  liquid  magma. 

The  student  of  the  crystalline  rocks  can  distinguish  in  a  gener^ 
way  four  classes  of  constituent  minerals,  and  this  is  true  in  spi 
of  the  fact  that  the  same  species  may  be  represented  in  two  or  more 
these  classes. 

(1)  Original  minerals  of  the  acid  rocks,  formed  by  solidification  of  ^ 
magma  in  a  state  of  aqueo-igneous  fusion  or  by  the  aid  of  mineral ' 
izers ;  e.  g.,  quartz,  orthoclase,  mica,  zircon,  etc. 

(2)  Original  minerals  of  the  basic  rocks,  formed  from  a  state  of  dr^ 
fusion ;  e.  g.,  plagioclase,  augite,  olivine,  etc. 

(3)  Metamorphic  minerals,  formed,  as  above  explained,  from  original 
minerals ;  e.  g.,  hornblende,  albite,  biotite,  zoisite,  garnet,  stauroUte, 
andalusite,  etc. 

(4)  Decomposition  minerals ;  e.  g.,  chlorite,  quartz,  carbonates,  the 
hydroxides,  etc. 

Such  a  division,  though  necessarily  not  a  sharp  one,  is  still  not 
unwarranted  and  shows  how  it  is  possible,  with  the  aid  of  the  micro- 
scope, not  merely  to  study  the  composition  of  a  rock  in  its  component 
minerals,  or  the  conditions  under  which    it  was  first  formed  in  its 
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li  have  been  studied  in  detail  daring  the  last  fifteen  years.  Here 
iteration  produced  by  the  same  eruptive  mass  is  different  in 
le  from  that  in  a  sandstone,  and  in  each  the  alteration  is  quite 
let  from  that  produced  in  a  limestone.  If  intrusive  rocks  fall 
Q  the  range  of  influence,  the  effects  produced  in  them  are  again 
ent ;  while  still  wider  variations  are  noticeable  if  the  character  of 
ctive  or  metamorphosing  rock  be  changed.  This  may  be  seen  in 
ontrast  between  the  effect  produced  by  a  mass  of  granite  and  a 
of  diabase  upon  the  same  surronnding  rock.  Still  other  differ- 
i  are  traceable  to  the  probable  action  of  vapors,  as  in  the  case  of 
il  development  of  tourmaline  or  topaz  within  the  limits  of  a  granite 
ict  zone. 

w  much  greater  then  might  we  expect  the  differences  to  be  which 
e  complicated  and  imperfectly  understood  conditions  of  regional 
morphism  produce.  Many  rocks  occupying  large  areas  exhibit  a 
Lcter  very  similar  to  that  of  rocks  which  have  been  produced  by 
et-metamorphism,  without  there  being  any  cause  to  which  the 
ktion  can  be  so  directly  attributed.  In  some  schists,  like  those  of 
irdennes  Mountains^  and  those  of  Bergen  in  Norway y'-^  and  in 
'  limestones,  metamorphic  minerals  have  been  extensively  devel- 
withoiit  the  total  obliteration  of  organic  remains.  In  the  case 
her  rocks,  of  essentially  the  same  character  though  perhaps  more 
)alline,  the  internal  evidence  or  the  stratigraphical  relations  are 
gh  to  prove  that  they  are  metamorphosed  sediments, 
my  of  the  so  called  crystalline  schists  present  features  of  both 
[)08itioa  and  structure  which  are  strikingly  similar  to  those  of 
8  of  undoubted  metamorphic  origin,  but  nevertheless  we  have  at 
ent  but  few  data  for  constructing  a  satisfactory  explanation  of  the 
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geology  the  only  safe  method  is  to  free  the  mind  completely  from  all 
traditions  and  theories — to  start  with  the  idea  that  almost  nothing  is 
known  with  certainty  and  that  everything  is  to  be  discovered.    Tlie 
facts  must  be  most  critically  observed  and  considered,  without  toogr^si*'* 
a  tendency  to  use  them  at  5nce  for  the  deduction  of  general  principl^^^* 
Only  such  conclusions  as  can  not  be  doubted  by  any  one  who  will  ta.1^* 
the  pains  to  examine  the  facts  are  of  real  value  to  the  advance  of  arc^ 
ean  geology;  and  every  careful  student  in  the  field  must  realize  hc^ 
slow  and  difficult  such  an  advance  must  be.    Detailed  analyses  of  t 
workings  of  some  well  recognized  agency,  made  where  the  action  h 
been  as  little  as  possible  disguised  and  complicated  by  the  action 
other  agencies,  must  yield  valuable  assistance  in  the  penetration  oft! 
mysteries  wliich  now  everywhere  surround  the  prefossiliferous  form 
tions  of  the  earth's  crust.    Such  work  has  been  done  in  Europe  and  hi 
been  begun  in  America.    Tlie  little  that  has  already  been  accomplish! 
in  this  manner  is  full  of  promise  for  the  future.    The  most  striking  e^ 
ample  of  work  of  this  kind  is  perhaps  that  of  Lessen  in  the  Hart:::^^^ 
Mountains,  and  it  is  with  the  sincerest  appreciation  of  his  method  an< 
results  that  the  present  studies  have  been  prosecuted. 

If  it  be  granted,  as  it  must  be,  by  every  impartial  observer  that  sucl 
a  thing  as  regional  metamorphism  does  exist-*— that  certain  rocks,  wher^ 
they  are  subjected  to  enormous  strains,  and  are  upheaved,  crushed,  anc^ 
crumpled  do  become  more  crystalline  or  have  their  crystallization  al  ^ 
tered — then  we  have  a  well  recognized  agency  whose  particuLir  results 
are  worthy  of  patient  and  detailed  study.    What  part  regional  meta— 
morphism  has  had  in  the  production  of  the  archean  rocks  as  a  whole^ 
future  years  must  show.    This  question  lies  wholly  without  my  presents 
purpose;  and  yet  it  is  hoped  that  an  extended  investigation  of  a  par- 
ticular  phase  of  it  may  aid  in  the  final  solution  of  the  problem. 

The  investigation  was  undertaken  with  a  firm  conviction  of  the  pe* 
culiar  advantages  offered  by  eruptive  rocks  for  the  accurate  tracing  of 
progressive  metamorphism,  an  advantage  which  Prof.  A.  K.  Lessen 
seems  to  have  been  the  first  to  emphasize,  if  we  may  judge  from  the 
following  extract  from  one  of  his  papers.    He  says  :^ 

I  attribute  the  extreme  value  of  snch  metamorphosed  eruptive  rocks  for  the  general 
theory  of  metamorphism  to  the  fact  that  they  are  certainly  known  to  have  been  de- 
rived from  a  solid  rock  of  definite  mineral  aggregation,  average  chemical  composition 
and  structure.  In  the  primary  minerals  and  structures  of  the  igneous  rocks  we  pos- 
sess a  well  known  quantity,  upon  which  we  can  base  our  conclusions — a  definite  scale 
according  to  which  the  nature  and  amount  of  those  secondary  minerals  and 
structures  characterizing  the  metamorphic  rocks  can  be  measured.  Frequently 
the  certain,  incontestable  fact  of  pseudomorphism  proves  the  secondary  alteration  of 
these  rocks  in  a  much  more  general  way  than  even  the  very  exceptionally  preserved 
fossil  remains  are  able  to  prove  the  origin  of  metamorphosed  sediments. 

*  Den  hohen  Worth  diesor  metamorphlachou  Eraptivgcsteine  riirdie  Lehre  vom  Metaraorphiamiu 
fand  icb  darin,  dosseiu  von  Hausans/tuf^x  Oat^in  von  (fam  bettimmter Mineralaggregation,  ehemUeher 
IhirchschnittKtisammenietzung  und  Stntctur,  znrorlHsAij;  als  ihr  Muttergeatein  angegoben  werdon 
kami.   In  den  primiiron  Mineralien  und  primaren  Struotareo  der  Erstammgsgesteine  beaitzen  wir  eine 


^ 


WttUAitt.]  CHANGES   IN   ROCK-FORMING   MINERALS.  39 

There  is  no  stadent  of  mineralogy  who  has  not  beeu  strack  with  the 
^leat  similarity  which  exists  iu  the  composition  of  so  many  of  the 
rock'forming  silicates. 

We  hare  after  all  a  very  small  number  of  bases  in  thase  silicates  and 

-tliey  are  often  combined  in  almost  the  same  proportion  in  minerals 

%irhich  show  the  greatest  disparity  of  crystal  form,  physical  properties, 

£^iid  mode  of  occurrence.    It  seems  to  be  oftentimes  more  a  matter  of 

^xternal  condition  rather  than  of  chemical  composition,  which  deter- 

xiiines  what  particular  mineral  is  formed;  and  the  eqnipoiso  between 

t/be  existence  of  a  certain  silicate  and  the  external  condilious  is  often 

so  delicate  that  a  mere  change  in  the  latter  is  alone  sufficient  to  de« 

stroy  the  mineral  as  such  and  to  cause  it  to  change  to  some  other  mod> 

ifieation  or  compound.    The  recent  discoveries  of  the  alterations  which 

dimorphous  bodies,  like  leacite  or  tridymite  uuilergo,  show  how  this 

maybe  accomplished  without  chemical  change.    The  breaking  up  of  a 

loineral  into  an  aggregate  of  two  or  more  is  not  less  common  ;  as  for 

example,  the  passage  of  plagioclase  into  zoisite  and  albite  (saussurite), 

or   of  spodumene  into  albite  and  eucryptite  (the   /!/-spodumene   of 

Brush  and  Dana.)*    This  subject  has  lately  been  elaborated  by  Prof. 

(T*  W.  Judd  in  his  presidential  address  before  the  Geological  Society  of 

Liondon,  and  in  many  others  of  his  recent  papers.* 

£ocks  whose  component  minerals  are  so  delicately  balanced  to  accord 
witk  the  particular  set  of  couditions  under  which  they  were  formed, 
must  be  peculiarly  subject  to  alteration  when  these  conditions  are 
cliauged;  and  for  this  reason  the  writer  has  before  insisted  that  erup- 
tive rocks  must  be  even  more  liable  to  metamorphism  than  the  sedi- 
ments which  contain  them.^ 

The  advantage,  then,  of  eruptive  rocks,  especially  of  basic  eruptive 
rocks,  for  thestudy  of  metamorphic  processes  is,  as  Lessen  has  remarked 
^th  80  much  force,  because  we  have  in  them  a  set  of  minerals  and 
Btructures  which  can  with  certainty  be  referred  to  eruptive  conditions, 
i*  ci^,  conditions  of  fusion.  These,  at  least  fpr  the  basic  rocks,  may  be 
easily  reproduced  in  the  laboratory,  as  has  been  so  successfully  done  by 

v^Mbekannte  GrSsse,  die  wir  anaerom  Urtheil  so  Ornnde  Icgen  koDnen,  einon  fcsten  Muasastab,  an 
velcheoi  Art  and  Grad  jener  secandaren  MmeraUenandsociindarenStructaron  gemossen  werdenkon* 
''^  welche  die  Ifatur  d«t)  metamorphiachen  Gesteins  juebr  oder  weuiger  ausmacbun.  Vielfach  iat  ea 
K^ndezadieefchere,  aoaDfechtbare  Tbatsaclie  der  Paeadumoriibosoubildung,  dioiu  solchon  Goatcinon 
?>  ^I  allgemeinerer  Weiae  bewelaend  fiir  die  Umbildung  eiiitritt,  aU  dio  nur  unter  beaoudera  giins* 
^^^n  Umatlnden  erhaltonen  Petrafacten  in  den  metaniorphiairten  Sedimenton.  Jahrbucb  der  konig- 
licheo  preiuaiachen  geologiachen  Landeaanatalt  u.  Bergakailemie  fiir  1883,  Berlin,  1884,  p.  620. 

Oo  pa)(e  619  ibid.,  Loaaen  in  a  note giv^  tbe  following  liat  of  referencea  to  hia former  remarka  on  tbia 
'^lae  itoportant  topic:  Zeitscbrift  der  doutacheu  geologiscben  Gesellacbaft,  voL  21,  p.  298, 1869;  vol. 
W, pp. 706, 707, 763, 1872;  vol.  27,  pp.451  and  969,  1875;  vol.  29,  p. 360,  1877;  Sitzungabericbte  der  Ge- 
ft^UehaftnatnrfonobenderFrcnndo  in  Berlin,  Mcb.,  1878;  Jan.,  1880,  and  Nov.,  1883;  .Tabrbuchdor 
^1-  proaaa.  geologiacben  Landeaanatalt  fur  1880,  p,  12;  fur  1881,  p.  43,  and  finally  iu  tbu  £rlanto- 
"iOireaiargoologiacbonSpeciatkarle  vou  Preiiaaen  nud  den  thuringiacbon  Staaten.    Bl&tter:  Harss- 
JW<^«  (p.  79) ;    Wippra  (pp.  27, 43) ;  Sch  wonda  (p.  34). 
'Am.  Jour.  Sci.,  3d  aor.,  vol.  20,  1880,  p.  257,  and  Zeitscbr.  Kryat.  a.  Mineral.,  vol.  5,  p.  192. 
'Qoar.  Jour.  Geol.  Soc.  London,  voL  43, 1887,  Proc.  pp.  54-82. 
<BiUL  U.  8.  G«oL  Sur?ey,  No.  28,  p.  9, 10. 
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Messrs.  Foaqu6  and  Michel-L^vy,  of  Paris*^  The  exact  mineral  associa- 
tion and  structare  of  diabase  and  other  basic  i^eons  rocks  may  be  syn- 
thetically reproduced  by  simple  dry  fasion,  and  there  is  no  indication 
Whatever  that  they  are  ever  produced  in  nature  by  any  other  means. 
I'he  finding  therefore  of  such  characteristic  structure^  even  where  they 
have  been  more  or  less  disguised  by  subsequent  changes,  at  once  fur- 
nishes a  definite  and  certain  starting  point.  We  know  what  the  orig 
inal  character  of  the  rocks  in  question  was  and  the  conditions  under 
which  it  was  formed ;  and  the  careful  minute  study  of  the  changes 
which  the  original  component  minerals  have  undergone,  when  taken  in 
connection  with  the  external  physical  conditions  to  which  the  rock  mass 
has  been  subjected,  can  but  yield  useful  results  to  geological  science. 

HISTORICAL  OUTLINE  OP  STUDIES  ON  THE  METAMORPHISM  OP  ERUP- 

TITE  ROCKS. 

Notwithstanding  the  great  importance  which  has  always  attached  to 
the  idea  of  metamorphism,  it  is  only  within  recent  years  that  it  seems 
to  have  been  regarded  as  applicable  to  any  but  sedimentary  rocks. 
With  Button,  who  may  practically  be  considered  the  originator  of  the 
idea,  and  with  Lyell,  to  whom  we  owe  the  term  which  describes  it,  met- 
amorphism was  the  gradual  consolidationy  by  means  of  the  earth^s  internal 
heaty  of  sunken  and  buried  strata,  whose  original  parallel  structure  was 
not  wholly  obliterated  by  the  change.  So  strong  has  the  power  of  this 
tradition  become,  that  it  is  not  easy  to  overcome  it  even  at  the  present 
time.  Kor  after  the  discovery  and  satisfactory  explanation  of  second- 
ary (slaty)  cleavage  in  rock-masses,  was  the  case  much  better.  The 
distinction  between  foliation  and  stratification  was  accepted  as  rad- 
ical, and  it  was  generally  conceded  that  the  former  was  secondarily 
developed  in  solid  masses  as  the  effect  of  pressure,  and  yet  we  hear  of  it 
chiefly  in  sedimentary  rocks — in  slates  and  shales.  The  eruptive  rocks 
seem  to  have  been  regarded  as  too  hard  and  unchangeable  to  be  affected 
even  by  the  enormous  forces  which  upheaved  a  mountain  chain.  How 
untrue  this  is  we  are  daily  learning  from  the  study  of  rocks  undoubtedly 
eruptive,  which  possess  a  pronounced  schistose  structure. 

As  we  now  look  back  over  a  century  of  discussion  and  investigation 
of  metamorphism,  the  total  neglect  of  eruptive  masses,  save  as  an  active 
agent  in  the  change,  seems  surprising.  Daubr6e,  in  his  admirable  essay 
on  the  subject,*  has  much  to  say  of  change  of  structure,.and  yet  he 
makes  no  allusion  to  eruptive  rocks  as  being  subjected  to  it.  Delesse, 
in  the  second  portion  of  his  ^'  Studies  of  Metamorphism  "  ^  which  treats 
of  regional  or  normal  metamorphism,  devotes  considerable  space  to  the 
metamorphism  of  eruptive  rocks,  but  his  conclusions  are  not  such  as 
at  the  present  time  deserve  attention.    He  maintains  that  by  some 

*  Synthase  des  inm6raax  ot  do  rochea,  Paris,  1879. 

*titnde8  et  exp6rieDce8  syntbt^tiquos  sur  le  mfttamorpbisme,  etc.,  M6m.  pr^sent^a  par  savanta  k 
rAcad^mledesacienoes,  vol.  17, 1862.  Translated  in  the  Smithsonian  Annnal  Report  for  1861,  pp.  228-304. 

'ifitudes  sor  le  m^tamorphisme  doa  rocbee.  Onvrage  couromi6  par  rAoad6nile  dos  scienoee.  Fada^ 
1869. 


wiuJAiia)  METAMORPHISM  OF  ERUPTIVE  ROCKS.  41 

Tagae  process  of  '^general  metaoiorpliisni "  volcanic  rocks  are  changed 
to  platonic.  Thas  a  ti^achy  to  becomes  a  granite ;  and  a  trap,  a  diorite. 
The  absence  of  volcanic  rocks  in  the  oldest  formations  is  accounted  for 
by  the  great  length  of  time  during  which  these  have  been  subjected  to 
metamorphosing  agencies.  The  original  plutonic  rocks  are  considered 
to  be  capable  of  little  or  no  change. 

One  of  the  first  truly  scientific  studies  of  the  metamorphism  of  erup- 
tive rocks,  based  purely  on  careful  observation  of  the  facts,  was  that  of 
Lossen  in  the  Hartz  Mountains.    Here  it  was  possible  to  trace  the  nu- 
merous diabase  dikes  and  larger  areas  of  more  coarsely  crystalline  gab- 
bros,  along  with  the  schists  in  which  they  were  inclosed,  from  their 
unaltered  to  their  most  highly  altered  form.    Ac  early  as  1872  he  wrote 
as  follows : 

IsliaU  begin  with  igneoas  rockB  which  have  been  altered  in  situ  and  with  their 
(final)  change  into  crystalline  schists.  The  fact  that  massive  rocks,  which  frequently 
posaess  a  parallel  structure  as  an  origiual  feature,  may,  by  metamorphic  processes, 
lie  converted  into  foliated,  but  not  on  that  €tccount  stratified,  beds  is  iucon testable.  In 
this  manner  granular  diabase  is  converted  into  leuticularly  foliated  (flaserig)  by  the 
mora  or  less  complete  passage  of  the  cleavable  augite  into  a  scaly  aggregate  of 
chloritic  minerals.  The  rock  thus  assumes  a  kind  of  schistose  structure,  as  is  often 
the  case  in  the  southwestern  Hartz.  ^ 

The  cause  of  the  metamorphism,  too,  can  bo  seen  in  some  cases  to 
he  tbe  eruption  of  large  granite  masses ;  in  others,  the  orographic  forces, 
^bich  had  crumpled  and  upheaved  the  entire  district.  niK>n  this  subject 
Lossen  says: 

I  have  often  emphasized  the  significance  of  those  metamorphic  regions  in  which 
ernpt'iTerocks—interbedded  in  the  schists  and  like  them  passively  subjected  to  dis- 
location and  mountain-making  forces — have  undergone  about  the  same  substantial 
*nd  atractural  alterations  as  the  inclosing  schists ;  nor  is  it  material  whether  this  re- 
gnltbaBbeeu  accomplished  withiu  the  coutact-zone  of  some  intrusive  granitic  mass 
wby  dynamic  (dislocation)  forces  properly  so  called.^ 

Uiissive  rocks  may  therefore  be  passively  subjected  to  the  iufluence 
of  either  contact  or  regional  metamorphism. 

Instances  of  the  former  seem  never  to  have  received  their  merited 
share  of  attention,  and  yet  they  have  been  mentioned  in  many  different 
^0D8.  Allport  described  dolerites  which  had  been  altered  by  adja- 
cent eruptive  granites  in  Cornwall.'    In  France  Michel-L<Svy  has  found 

Icli  begiuie  xnit  don  in  situ  amgewaudelten  Erstarmugsgest-einen  and  deren  ITinwandlang  za 
"^■taUiniachuu  Scbfefern.  Die  ThaUache,  dosa  darch  metAmorphische  Proces80  madsige  Gestelne, 
QK haoflg bcreits eine  urapi-iingliche plane  Parallel struotar  beaitsen,  in  Bcliiefrlge, darum  abernoch 
*^ingeichichUte,  nmgewandelt  werden,  ist  nnbestreitbar.  So  gehen  die  kornigen  Diabaso  dadnrcb 
'^"^fii^iaflaaerigeUber,  dasada^blatterig  brecbende  augitisohe  Mineral  ganz  oder  tbeilweise  inein 
seboppiges  Aggregat  eines  chloritisoben  Minerals  amgewandelt  wird,  wobei  daa  Gestein  eine  Art 
Khl»frige  Structnr  annebmen  kaun.  wie  dies  im  Sildost  Han  nicbt  aclten  dor  Fall  ist.  <Zoitaobr. 
Deauch.  gmL  Gesell.,  Berlin,  vol.  24,  p.  7«3. 1872.) 

'Uerfach  bereitehabe  ichdie  Bedentnng  solcber  metamorpbiscber  Gebiete  berrorgeboben  in  weloben 
svisehou  den  Scbicbten  eingoschaU«te  an«l  nar  passiv  am  Faltungs-  nnd  Gcblrgsbildangsprooease  bo. 
tli^iigte  BruptlTgesteine  in  annftbomd  demselben  Grade  wie  die  daneben  anstebenden  Schicbtgosteine 
nbataatieUo  nnd  etructarelle  TTmwandlongen,  sei  es  in  der  Contactspbltre  der  in  die  Faltnng  eingreio 
^en  eagranltiscbon  Erupttymassen,  aoi  es  dnrch  den  Dislocationsprocesa  soblecbtbin,  erlilten 
liabeo.   (Jahrb.  preusa.  geol.  Landeaanstall  fiir  1883.  p.  619.) 

'  On  tbe  metamorpbio  rocks  sarroonding  tbe  I«and'8  End  mass  ot  granite.    Quarterly  Journal  Oeol, 
8Nk,  Iiondon,  vol.  32, 1876,  p.  423. 
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similar  efTt-cts  produced  iu  the  Gambriaii  diabases,^  aud  Barrois  me 
tionsdiorites  (^'diorite  iDodi(i<^^')  wbich  have  been  modified  by  ihesatu 
cai»6e.^    Stiil  more  recently  Briiijger  has  discovered  the  same  class 
pheiiouieua  in  dikes  of  aagite  porphyrite  which  peuetrate  the  strata 
the  classic  Silurian  region  nearChristiania.^ 

The  most  exact  and  satisfactory  accounts  of  such  rocks  are,  howeve 
those  given  by  Lessen  of  the  diabases  which  fall  within  the  limits 
the  Eamberg  granite  contact  zone  in  the  Hartz  Mountains/    The  effec^ 
of  the  granite  has  been  to  produce  alterations  in  the  eruptive  diabast^' 
quite  analogous  to  tliose  usually  brought  about  by  orographic  fo 
The  augite  has  been  changed  to  uralite,  which  surrounds  the  core 
the  original  mineral  in  a  double  zone,  the  inner  one  being  colorless 
dotted  with  magnetite,  while  the  outer  one  is  composed  of  a  more  co 
pact,  green,  and  pleochroic  hornblende.^    The  labradorite  of 
diabases  has  been  saussuritized;  their  ilmenite  has  been  changed 
spheue  (lencoxene)  aud  their  pyrite  to  pyrrhotite.    Biotite  aud  gam 
have  also  been  occasionally  developed.     The  characteristic  diaba^ 
structure  is  recognizable  so  long  as  any  of  the  augite  or  labradori 
substance  remains. 

If  the  results  described  by  Lossen  are  in  reality  wholly  due  to  the  ia  ^ 
fluence  of  the  intrusive  granite  mass,  then  we  see  that  the  similarit.^ 
between  the  effects  produced  by  contact  metamorphism  aud  regionaE 
metamorphism  is  just  as  close  in  the  case  of  eruptive  rocks  as  it  is  in  that^ 
of  sedimentary  beds.    The  connection  which  exists  between  regionally^ 
metamorphosed  areas  and  the  disturbances  to  which  such  areas  have 
been  subjected  appears  to  be  a  constant  one.    Indeed,  aside  from  the 
local  influences  of  intrusive  masses,  the  amount  of  metamorphism  may 
be  said  to  be  in  all  cases  proportional  to  the  pressure  or  strain  to  which 
the  rock  in  question  has  been  subjected.    The  recent  recognition  of  this 
fact  has  brought  into  favor  the  term  ^^  dynamic  nietamorphism^^'^  which, 
in  a  way,  expresses  the  agency  or  process  to  which  the  chauge  may  be 
attributed. 

Rocks  are  not  metamorphosed  by  pressure  alone,  and  yet  the  im- 
portance of  this  agency  would  appear  to  be  greater  than  that  which  has 
commonly"  been  assigned  to  it.  Other  factors,  especially  heat  and 
moisture,  have  also  played  an  important  part  in  the  changes,  but  their 
eflScacy  is  in  large  measure  due  to  the  direct  results  of  jiressnre  upon 


*  Sur  lo8  roches  6ruptivea  basiqneA  Cambriennes  da  M&connais  et  du  Beaajolais.  Bull.  Soe.  g6oL 
France,  3  series,  vol.  11,  1883.  pp.  273-303. 

^Le  gracite  de  RostroDen,  ees  apophyses  et  see  contacts.  Annales  Soc.  g^ologiquu  du  Nord,  1884, 
vol.  12. 

'Spaltenverwerfangen  in  der  Oegend  Langesnod-Sklen.  Nyt  Mag.  for  Naturvidonskabcrtie,  vol. 
23.  1884,  pp.  253-419. 

*  Ucber  den  Ramberg  Granlt  nnd  seinon  Contact -Hof.  ErlKuterungen  ku  Blatt  Harzgerode  dor 
geologischen  Spccialkarto  von  Prcasson  und  der  thUringischen  Stnaten.  Vidi*  also  Jahrb.  kon.  preau. 
geol.  Lamlesanstalt  fttr  1883,  pp.  819-642;  for  1884,  pp.  50-112,  and  pp.  525-545. 

«  For  an  illustration  of  this  stnictnro,  see  Bull.  TT.  S.  Geol.  Survey,  Is'o.  28,  1888,  PI.  I.  Fig.  2. 

*  "  Mecbanical  metamorphism  "  of  Iloini  an»l  Baltzor,  "  Dislocation -Af."  of  Lossen,  "  DyQamioal-U.*' 
of  Bosenboscb, '  *  Stauonga-H."  of  Credner,  "  ProBsore-H."  of  Bonnoy. 
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the  solkl  rock-mass.  Tbo  crushing  of  rocks  along  fault  or  shearing 
plan  disallows  here  of  the  reaUy  circulation  of  moisture  and  of  a  conse- 
quti^ot  increased  distribution  of  heat.  Eoc!:^  are  henco  most  altered 
niougsuch  pianos.  The  almost  universal  effect  of  such  a  crushing  is 
made  apparent  by  a  microscopic  examination  of  rocks  which  have  been 
sulxjected  to  enormous  pressure.  We  shall  !iavo occadcn  to  cite  nnmer- 
oas  instances  of  this  in  the  sequel.  For  the  present  we  will  state  tbo 
three  different  modes  in  which  an  eruptive  rock  is  altered  when  it 
undergoes  regional  or  dynamic  metamorphism,  and  mention  the  work 
of  tliose  who  have  been  particularly  successful  in  illustrating  the  action 
of  all  or  any  of  them. 

The  three  ways  in  which  ak  massive  crystalline  rock  may  be  modified 
by  the  action  of  orographic  forces  are : 

r.  MacrO'Struetural ;  i,  e.,  it  may  have  its  external  structure  (mor- 
pbology)  changed  so  as  to  become  schistose  or  foliated. 

rZ".  MicrO'Stru€tural ;  i.  e.,  it  may  have  its  internal  or  microscopic 
stmcture  (histology)  wholly  changed,  either  with  or  without  an  alter- 
ation of  the  last-mentioned  sort. 

IZJ,  Mineralogical ;  i.  e.,  there  may  be  a  change  in  the  nature  of  one 
or  more  of  the  component  minerals,  either  with  or  without  a  change  in 
the  ohemical  composition  of  the  rock  as  a  whole. 

Of  course,  any  one  of  these  kinds  of  change  may  be  produced  in  a 
rock-mass  alone,  or  any  two,  or  e\«en  all  three,  may  exist  simultaneously 
in  an  J  relative  degree  of  intensity. 

WtM^crostrvctural  Metamorphism, — It  had  already  long  been  recognized 
that  transversal  or  slaty  cleavage  could  be  produced  in  sedimentary 
beds  by  mechanical  force,^  when  A.  Heim,  in  his  work  on  the  "  Mecii- 
auism  of  Mountainmaking,"  published  in  1878,^  directed  attention  to 
an  almost  new  line  of  geological  work,  by  showing  in  a  very  general 
way  how  the  orographic  forces  effect  the  deformation  of  rock-masses. 
He  insisted  npon  three  main  points: 
(*)  Tbat  the  rocks  were  solid  and  rigid  when  they  were  acted  npon. 
(^)  That  by  a  moderate  pressure,  they  are  torn  asunder  and  the  thus 
formed  open  fissures  ("  klaffende  Risse'*)  are  subsequently  filled  by  ma- 
terial segregated  from  the  rock  ("  adern  ").    If  the  mass  is  plastic  rather 
than  brittle,  the  strain  is  relieved  by  numerous  slickensides  ("  Eutsch- 
flacheu")  {^^Um/armujig  mit  BruchP). 

(c)  That  by  the  most  intense  pressure  this  action  becomes  infinitely 
wnall  or  molecular,  i.  e.,  the  form  is  altered  without  rupture  ("  Umfor- 
»»n^  oline  Bruch^). 

Heim  lays  great  stress  upon  the  fact,  already  emphasized  by  Suess,* 
that  the  massive  or  crystalline  rocks  which  form  the  center  of  the  Al- 


' On  aUtjcleavaj^e  and  allied  rock-atractnres  with  special  reference  to  the  mechanical  theorieH  of 
their  origin.    By  Alfred  Barker.    Kept,  fifty-fifth  meeting  Brit.  Aasuc.  Adv.  Sci..  in  188S,  pp.  8i3>855. 

'nntavuchnn^en  Ulierdon  Mechanismnn  dor  Gebir{;abi1diing  im  Anschlusa  andiegeologiaobeMono- 
fnphiederTodl-Windgii'.lon'Grtippc.    Basle,  1878.    Vol.2. 
*  IMe  Sntstehnxig  der  Alpen.   Wien,  ie7&. 
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pine  '^  massivs "  were  not  themselves  in  any  way  instrumental  in  the 
elevation  of  the  mountains.  He  gives  an  elaborate  proof  that  these 
were  solid  long  before  the  elevation ;  and  were  only  pamively  sub- 
jected to  the  upheaving  force,  iu  the  same  way  as  the  overlying  sedi- 
ments. Heim  does  not,  however,  seem  to  apply  his  laws  of  mechanical 
deformation  to  these  crystalline  rocks,  as  he  might  well  have  done,  but 
regards  their  schistose  or  banded  structure  as  probably  an  original 
character. 

Other  geologists  were  not  long  in  recognizing  the  mechanical  defor- 
mation of  massive  as  well  as  sedimentary  rocks.  Daubr^e  is  struck  by 
the  frequent  gradual  passage  of  massive  rocks  into  schistose  varieties 
of  the  same  composition.  He  oays  that,  in  spite  of  his  own  strong  lean- 
ings toward  the  '*  metamorphic  theory,''  he  can  not  possibly  regard 
such  a  schistose  structure  as  any  sign  of  original  stratification  but 
must  consider  it  as  secondarily  produced  in  the  eruptive  mass  by  press- 
ure. He  is,  however,  inclined  to  believe  that  this  result  was  attained 
b^ore  the  eruptive  rock  had  wholly  solidified.* .  H.  H.  Beusch,  from 
his  studies  of  the  rocks  near  Bergen,  in  Norway,  is  also  convinced  that 
the  frequent  banding  and  gneissic  structure  in  granite  is  secondary  and 
a  product  of  pressure,  like  slaty  cleavage.  Like  Daubr(^e,  he  too  thinks 
that  it  was  accomplished  while  the  rock  was  still  somewhat  soft,  atthe 
time  of  the  faulting  and  dislocation  to  which  the  granite  owed  its  own 
elevation,  in  a  plastic  state.^  This  idea  that  such  pressure  deformation 
could  only  take  place  in  softened  or  in  unsolidified  rocks  was  particu- 
larly dwelt  upon  by  Carl  Friedrich  Naumann.  How  thoroughly  the  ob- 
jections to  the  de^rmation  of  rigid  rock  masses,  as  far  as  sedimentary 
deposits  are  concerned,  are  answered  by  the  facts  observed  by  Heim, 
we  have  already  seen.  The  assumption  of  an  identical  process  for  the 
highly  crystalline  massive  rocks  seems,  at  first,  to  present  great  dif- 
ficulties, but  observations  in  all  parts  of  the  world  are  daily  proving 
its  necessity. 

In  1879,  Rothpletz'  showed  how  the  actinolite,  or  so-called  green- 
schists  near  Hainichen,  in  Saxony,  had  been  breceiated  by  pressure  and 
the  fragments  shoved  along  more  or  less  upon  each  other,  so  as  often 
to  produce  an  imperfect  schistose  structure.  This,  which  has  a  close 
analogy  to  certain  macrostructural  modifications  of  the  Lake  Superior 
greenstones  to  be  described  in  subsequent  pages,  allowed,  as  Bothpletz 
remarked,  a  much  increased  chemical  action,  which  tended  to  alter  the 
character  of  the  rock.  A.  Baltzer,  in  his  monograph  on  the  Finster- 
aarhorn,^  published  in  1880.  expresses  himself  as  decidedly  in  favor  of 
a  mechanical  metamorphism  of  the  interior  crystalliue  rocks.  He  says 
on  page  244  of  his  work : 

*  fitades  synthdtiques  de  g^ologie  exp6riment«lle.    Paris,  1879,  p.  432. 

*Dlo  foBsillen  fUbrenden  krystAllinischcn  Schiefer  von  Bergen  in  Norwegou.  Bontsohe Anfgabe  von 
B.  Baldanf,  1883,  pp.  129, 130. 

'Ueber  mechaniscben  Oeateinsninwandlungeu  bei  Hainichen  in  Sacbscn.  II.  Die  Brecdenbild- 
nngdes  Aktlnolithscblerers  Ton  HainicbGn.    Zeit«cbr.  Bentsch.  geol.  (roaell,  1879,  Vol.  31,  p.  374. 

*Die  mecbaniacbe  Contact  Ton  Gneiss  iind  Kalk  im  Bemer  Oberland.  Bottriigezar  geologisohea 
Kwte  der  SohweU.    ZX.  Liefenmg.    Bern,  1880. 
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I  liase  my  assamption  that  the  parallelism  of  the  mica-scales  in  abnormally  strati- 
fied gneiss  is  conditioned  by  pressure,  upon  this  transverse  foliation.  Just  as  slaty- 
cleavage  is  generated  in  the  yoanger  sedimentary  rocks  by  pressure  and  mechanical 
defarmation,  so  is  it  also  in  the  crystalline  schists.  This  may  be  proved  in  the  case 
of  tliQ  last  named  rocks,  if  other  evidence  U  lacking,  by  its  parallelism  with  the  un- 
doQl>'ted  cleavage  in  contiguous  sediments.^ 

Similar  ideas  have  been  more  or  less  clearly  expressed  by  Kjertilf,  Brog* 
ger,  Stapff,  and  other  geologists^but  oneof  the  most  important contribit- 
tioQs  to  oar  knowledge  of  this,  as  well  as  of  other  phases  of  mechani- 
cal metamorphism,  was  made  in  1884  by  Prof.  Johannes  Lehmann  in  his 
work  on  the  origin  of  the  crystalline  schists.^    That  author  has  col- 
lected an  immense  number  6f  observations  from  Saxony,  Bavaria,  and 
Bohemia — especially  in  the  "  Granulite "  district  of  the  first  named 
coantry,  npon  the  detailed  study  of  which  he  has  spent  many  years. 
Erom  these  observations  Lehmann  reaches  certain  general  conclusions 
of  importance  with  reference  to  the  mechanical  metamorphism  of  solid 
massive  rocks.    These  are  stated  in  chapters  16  and  17  of  his  work. 
He  regards  gneiss  as  simply  a  structure  form  of  granular  feldspathie 
rocks,  and  according  to  the  composition  of  these  there  may  occur  gran- 
itic gneiss,  syenitic  gneiss,  dioritic  gneiss,  gabbro  gneiss,  etc«    He  thinks 
that  the  essential  parallel  structure  of  gneiss  may  be,  but  very  rarely 
is,  original.    He  finds  no  indication  that  any  true  gneisses  were  once 
sedimentary  deposits,  but  he  considers  them  all  as  igneous  rocks 
C^Erstarrungsgesteine"),  which,  as  a  general  thing,  have  acquired  their 
present  structure  by  stretching  ("  Streckung")  in  a  solid  state.    More- 
over, gneiss  exhibits  only  the  first  stage  of  such  a  mechanical  meta- 
morphism.    If  the  action  of  this  process  is  more  intense,  finer  grained 
and  more  evenly  banded  rocks  result,  which  the  author  designates  as 
granolite  and  felsite  schist.    According  to  Lehmann,  therefore,  all  the 
massive  crystalline  rocks  are  subject  to  alterations  in  their  structure 
through  great  pressure  or  tension.    They  become  banded  or  schistose  in 
proportion  to  the  intensity  of  this  action. 

The  observations  of  many  workers  in  various  regions  since  the  publi- 
cation of  Lehmann's  conclusions  have  tended  to  substantiate  them. 
Mr.  Hatch^  has  shown  the  secondary  development  of  a  schistose  strnct- 
Qie  in  the  gabbros  of  the  Tyrol,  and  the  same  thing  has  been  done  for 
the  gabbros  near  Baltimore,  Maryland/  Results  very  closely  resem- 
bling those  of  Lehmann  have  recently  been  secured  by  Mr.  J,  J.  H. 
Teall  in  the  gabbro  region  of  the  Lizard,  Cornwall,  England.*    This 

'AufdiesetraiiBTers&le  SchieferaoggrtLndeiohdle  A.nnahmedaas  der  Faralleliraus  der  Glimmer- 
^t.'chen  im  anormiil  f^eUgerten  GneLu  ebenD^lB  von  DracksohiefeniDg  herriihrt.  Wie  in  den  Jiing* 
^  Sedimentgesteinen  darch  Dmok  nnd  mecbanischo  TJmformnngsprozease  transverBale  ScliieforaDg 
eotstand,  ao  aaoh  in  den  krjBtaUinisohen  Schiefern.  Bel  letzteren  kann  aie,  in  Ermangeliing  anderer 
•^filuUUpnnkto,  darch  den  Parallelism  us  mit  einer  nnzweifelhaften  Schieferungsricbtong  in  den  an* 
r«QZ«nden  Sedimenten  naohgewiesen  ^erdon. 

'ITntersacbangen  &b«r  die  Entatehung  der  altkrystaliiniacben  Sohiefergesteine,  eto.,  with  Atlas  of 
PbotOf^phs.    4°.    Bonn,  1884. 

'TMhsrmak'i*  mineral,  u.  petrog.  Mittbeil..  vol.  7  <1885),  p.  7&. 

*Ball.  U.  S.  Qeol.  Snrvoy,  No.  28. 
'GeoL  Mag.,  London,  November,  1886. 
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investigator  derives  proof  that  the  alteration  in  structure  was  accom- 
plished after  complete  solidification  from  the  relation  of  the  rock  to 
fault  planes.    He  says: 

A  rook  must  Deoessarily  be  Bolid  before  it  can  be  faulted.  Now,  we  find  at  Pen 
Voose  near  Landewednack,  that  massive  gabbro  passes  over  into  <rabbro  echist  at  a 
{anit-pland,  and  that  the  foliation  in  the  gabbro  is  such  as  would  be  produced  by  a 
shearing  motion  parallel  with  the  fault-plane.  Taking  all  the  facta  into  considera- 
tion, we  appear  to  be  justified  in  concluding  that  the  foliation  in  the  Lizard  gabbros 
is  the  result  of  pressure  or  regional  metamorpliiam. 

0.  Schmidt  has  also  recently  given  us  the  results  of  his  studies  of 
certain  eruptive  porphyries  in  the  central  Alps,  especially  in  the  Wind- 
galien  group,  the  district  particularly  studied  by  Heiin.^  These,  like 
the  surrounding  sediments,  have  been  subjected  to  enormous  pressure 
and  strains  and  thereby  have  had  developed  in  them  a  pronounced 
schistose  structure,  becoming  in  some  instances  veritable  felsite  schists. 
Still  more  recently  H.  H.  Eeusch  has  communicated  his  observations 
in  the  regionally  metamorphosed  district  of  Hardangerfj'^rd,  on  the 
west  coast  or  Norway.*  Here  he  finds  dikes  of  all  sorts  of  eruptive 
rocks,  both  acid  and  basic,  all  rendered  seioondarily.  schistose  parallel 
to  the  planes  of  the  inclosing  schists,  without  reference  to  the  direction 
of  the  dikes  themselves.  This,  therefore,  can  not  possibly  be  due  to 
either  flow  or  cooling,  but  must  bo  the  result  of  pressure.  Oh.  B. 
Weiss  observed  the  same  thing  in  the  quartz  porphyry  dikes  of  Thai,  in 
Thuringia.^ 

Prof.  T.  O.  Bonney,  in  his  annual  presidential  address  to  the  Geo- 
logical Society  of  London  (February,  1886),  deals  with  the  subject  of 
metamorphism  in  general,  and  has  much  to  say  about  the  structural 
changes  induced  in  holocrystalline  massive  rocks  by  pressure*.  He 
distinguises  between  ''  stratifioationfoliation  ^  and  "  cleavage-foliation^ 
the  latter  being  always  secondarily  produced  by  pressure.*  This  same 
cause  also  in  some  cases  may  produce  a  f}\lse  bedding  parallel  to  the 
cleavage-foliation,  almost  exactly  similar  to  the  be<iding  of  sedimentary 
rocks,  although  of  a  totally  dififerent  origin,  and  to  this  he  applies  the 
name  "  pseudostromatisra."® 

Microstructural  metamorplmm. — The  statement  of  Heim  that  under 
sufficient  pressure  rock-masses  became  plastic,  i.  e.,  that  they  could  be 
bent  and  crumpled  by  a  true  molecular  movement  within  the  mass,  with- 
out rupture,  seems  to  have  been  based  entirely  on  a  macroscopical  study 
of  exposures  and  specimens.  Rocks,  and  even  their  constituent  miner- 
als, certainly  do  appear  to  the  unaided  eye  to  be  stretched  and  contorted 
without  any  break  in  their  continuity".  Whether,  however,  this  effect 
is  accomplished  by  a  truly  molecular  movement,  as  in  a  viscous  body, 

^  Neues  Jabrbucli  fUr  Mineralogie,  etc.,  Beilageband  4,  p.  388, 1880. 

>Ibid.,  Beilageband  5,  p.  56,  1887. 

>Zeit«chr.  Deutach.  preol.  Gesell.,  voL  36.  1884,  p.  858. 

^Qnar.  Jour.  Geol.  Soc.  London,  vol.  42,  1886,  Proo.,  p.  05. 

•Ibid.,  p.  64. 

*  Ibid.,  p.  65. 
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or  l>jabreakiogorcrii8hiii|2f  of  the  con^pouent  crystals  with  a  move- 

Taent  in  the  mass  before  it  is  reeemented,  is  something  that  can  not 

\)e  ^well  decided  by  the  unaided  eye.    Such  authorities  as  GUmbeP  and 

Pfaff'  at  once  took  exception  to  the  conclusions  of  Helm,  and  stated  it 

as  their  conviction  that,  strictly  speaking,  there  was  no  such  thing  as 

the  deformation  of  rocks  withoat  rupture.    Baltzer^  could  not  decide 

between  the  conflicting  views,  but  thought  there  was  probably  truth 

in  each.    The  microscopical  study  of  such  bent  and  contorted  rocks 

seems  to  show  that  the  explanation  of  GUmbel  is  gener<illy  the  true  one. 

This  was  emphasized  by  J.  Lehmann.^    He  calls  attention  to  the  fact 

that  the  conception  of  plasticity  is  not  a  simple  one.    We  speak  both 

of  wax  and  of  wet  clay  as  "plastic,"  and  yet  the  movement  of  the 

homogeneous  body  is  different  from  that  in  the  heterogeneous  substance. 

In  each  the  process  of  the  deformation  escapes  the  eye  and  the  results 

appear  the  same;   but  in  reality  the  first  is  molecuhir,  the  second 

caased  by  the  slipping  of  the  component  particles  (kaolin  scales)  over 

each  other.  In  rocks  the  "plasticity"  is  of  the  second  kind.    Lehmanu^ 

says: 

Wben  rock-deformation  has  been  accomplished  by  a  breaking  and  sliding  of  the 
individaal  constitueuts  npon  each  other,  I  tliiuk  that  I  am  still  justified  iti  calling  it 
a  deformation  witbont  rnptnre,  provideil  the  oontinnity  of  the  rock-mass  itself  has 
t)Mn  preserved  and  no  fissares  have  been  formed.  *  •  "^  X  recognize  only  that  as 
rock-deformation  with  rupture  Tvhen  fissures,  even  though  microscopic,  traverse  the 
n)ck  iDdependent  of  the  individaal  constituents.^ 

Again  he  says :'' 

•  A  plastic  molding  of  the  separate  constitnents,  as  is  assumed  by  Heim,  I  have 
nowhere  been  able  to  discover.  On  the  other  hand,  the  niaximnm  of  resistaooe 
which  a  crystalline  grain  can  offer  to  bending  or  crushing  is  very  soon  reached,  and 
thea  ensues  a  palverizing  or  chemical  solution.^ 

Lehmann  also  particnlarly  emphasizes  the  importance  of  the  very 
much  increased  chemical  action  which  such  a  crushing  of  the  rock 
components  permits;  This  had  heretofore  been  almost  overlooked  by 
all  the  students  of  dynamic  or  mechanical  metamorphism  except  Lessen. 
The  ease  with  which  a  ready  circulation  and  changed  physical  condi- 
tion allow  the  destruction  of  certain  chemical  compounds,  and  the  im- 

'I^  VerhAlten  dor  Schichtgosteine  in  gebogonen  Laeen.  SitKungsborichte  der  kon.  bayrischen 
AkadeiDie.  Math.-pbys.  Classe,  vol  4,  p.  506,  1880  (reviewed  by  Koscnbusch  in  the  Noae«  Jabrbuch 
fiirMlnml.,  1882,  rol  1,  Roferato.  p.  221). 

'Der  Mechanism aa  der  Geblrgsbildang.    Heidelberg,  1880,  p.  140. 

'Diemechanischo  Contact  von  Gneiss  und  Kalk  im  Bemer  Oberland,  Bern,  1880,  p.  240. 

^"I'Dtorsuchungen  iiber  die  Eotstehung  der  altkr3'8tallinischeu  Scbiofurge8t«iDo.  etc.."  Cbai).  xvi. 

'Ibid.,  p.  245. 

'Idi  gisnbe  sogar  mit  Recht  eine  GresteinBforranng,  bei  wclcbcr  nnr  die  oinzelnen  Gemengtheile 
>«n>Iialten  and  sich  an  einander  verschieben,  als  eine  bruchloso  bezeiciiuen  zu  konen,  wenn  das 
^teiaseineii  Zasammenhaltbewahrt  hat  and  koine  da.^  GeytHiU'dun-hitt  t/.enden  Risae  vorbauden 
•tad.  *  *  •  Kino  Gesteinsformung  rait  Brnch  orkenno  icb  erst  d«;nn  an,  wenn  RIsse,  und  nuigen  os 
VKh  raikroHkopisehe6cin,nnbokiinimcrtuindiu  Kinzelgemeni^tboilodaaGiMteinsgewebedtirchsetzen. 

'IbkL,  p.  24>l. 

*£h}e  plastSsche  Formnngder  Cinzel<;oniongttioiIe,  wie  8ic  Tleim  annebraen  zu  mUssen  glanbt,  habe 
i4h niemals gef anden  ;  vielmcbr  ern •^^bt  die  Biegung  oder  Znaauinuiulriickung  eines  KrystaUkomB 
Mbr  bakl  das  Maximum  and  erfolgt  daan  eine  Zertriimraerung  beziehnngsweiso  aaob  eine  chemische 
JaSomng. 
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mediate  formation  of  others  out  of  their  elements^  is  calculated  to 

serve  the  continuity  of  the  rock-mass  in  spite  of  exteusire  stretchiB-^^i 

or  compression. 

Such  chemical  changes  will  form  the  subject  of  the  following  sec 
Here  we  are  concerned  only  with  the  mechanical  deformation  of 
elementary  minerals. 

The  effects  of  pressure  will  naturally  be  first  noticeable  upon 
elastic  mineral  like  mica.    A  bending  of  the  lamellae  is  well  known 
result  frequently. from  even  the  slight  movement  of  an  eruptive  m 
before  its  complete  solidification.    Wherever,  therefore,  so  sensitive 
mineral  presents  no  pressure  effects  when  more  brittle  substances  sh(^ 
them,  it  is  fair  to  assume  that  the  mica  has  been  secondarily  develo 
during  the  action  of  the  pressure. 

Harder  minerals,  like  augite  or  feldspar,  under  the  first  action  of^ 
strain,  before  their  cohesion  is  overcome,  appear  to  have  twinning 
lamella)  developed  in  them  parallel  to  certain  planes — and  most  abun- 
dantly where  the  strain  is  the  most  intense.  To  this  succeeds  a  crack* 
ing  of  the  crystal,  with  often  a  considerable  separation  of  the  parts  and 
a  filling  of  the  interstices  by  newly  deposited  substance.^  A  still  more 
intense  pressure  accompanied  by  a  shearing  sti*ess  seems  to  produce  a 
regular  granulation  of  the  larger  crystals,  so  that  around  their  edge 
they  pass  into  a  mosaic-like  aggregate  of  fine  interlocking  grains* 
This  process  in  the  case  of  augite,  as  in  the  Saxon  ^'  Flaser-Oabbros," 
is  attended  by  uralitization,  or  the  production  of  secondary  amphibole. 
The  resulting  structure,  in  which  larger  grains  are  separated  by  a 
finer  mosaic,  has  been  called  by  Tornebohm,  who  observed  it  in  cer- . 
tain  Swedish  granites,  "mortar-structure"  ('*Moitel  Structur").*  This 
granulation,  with  increasing  strain,  may  extend  farther  and  farther 
inward  until  finally  the  entire  crystal  is  replaced  by  a  fine  mosaic  of 
interlocking  grains.  When  produced  under  the  influence  of  sufficient 
pressure,  it  may,  of  course,  give  rise  to  a  pronounced  banded  or  schis- 
tose structure. 

The  action  of  strain  upon  the  hardest  and  most  brittle  of  the  rock- 
forming  minerals — quartz — seems  to  result  in  cracking  and  breaking, 
rather  than  in  bending  it.  Crystals  which  appear  in  hand-specimens 
to  be  stretched  out  into  lenses,  are  shown  by  the  microscope  to  be  com- 
posed  of  smaller  grains,  more  or  less  different  in  their  optical  orienta- 
tion.   Of  this  mineral  Lehmann  says:^ 

The  phenomena  which  the  qaartz  of  stretched  rocks  exhibit  manifest  themselves 
under  the  polarizations  microscope  in  the  nnequal  extinction  of  different  fields,  and 

I  See  Lehmann'8  Atlas,  PI.  6,  Figs.  8,  6,  and  PL  21,  Figs.  3,  6. 

'N&gra  ord  om  granit  ooh  gneis.  Oeol.  Foreningens  Stookholm  Forhandl.,voL  6,  pp.  233-248,  1880- 
81  (review  in  th>)  Neaes  Jahrbaoh  far  Mineral.,  1881,  vol.  2,  Referate,  p  50).  Tornebohm,  in  this 
paper,  considers  this  as  an  original  structure.  -Kjerulf  designates  all  «ach  dynamic  changes  as  are 
manifested  in  a  movement  among  the  fragments  of  broken  cr^'stfda  as  "  KatakUu-ttructur.'*  He  dis- 
tinguishes three  grades  of  intensity.  Soe  Grundfjeldsprofilot  ved  MJ0sons  sydendo.  Nyt  Mag.  for 
Natnrvidenskabeme,  vol.  29,  p.  215.  1883  (revieff  Kenes  Jahrbuch  fiir  Mineral.,  1886,  toL  2,  Refer* 
ate,  p.  241).    See  also  Rosenbusoh :  Mikros.  Physiog.,  voL  2,  2d  od.,  p.  42, 1887. 

'Uutersuchnngen  ilber  die  Entstehung  der  altkrystaUiuischen  Schiefergesteine,  etc.,  p.  250. 
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i\i&ix  in  a  somewhat  more  exact  separation  of  these  fields.    We  imagiae  that  we  can 

detect  sharp  boundary  lines  withoat  being  able  to  certainly  prove  their  existence 

^md  in  reality  thoy  are  dae  merely  to  tension).     Finally,  however,  the  individual 

grain  does  really  break  up  into  separate  interlocking  parts,  which  at  first  are  but 

fiilvghtly  changed  in  their  orient-ation.    Nevertheless,  toward  the  edge  and  in  the 

more  compressed  portions  these  parts  are  qnite  irregularly  orientated  and  participate 

intho  composition  of  the  ground-mass.    True  bending  of  quartz  is  unknown  to  me. 

It  is  shattered  very  easily,  and,  as  it  seems,  is  as  readily  subject  to  chemical  solution.^ 

Frof.  Cli.  B.  Woiss,  of  Berlin,   describes    remarkably   deformed 

quartzes  ia  the  schistose  porphyries  occurring  in  the  almost  horizontal 

Huca  schist  near  Thai  in  Thnringia.'    This  rock  forms  dikes  which  cnt 

i      across  the  bedding  of  the  schist  and  send  apophyses  in  a  horizontal 

diiectioa  between  its  layers.    The  schistose  structure  of  the  porphyry 

was  formerly  considered  to  be  a  flow  structure,  but  Weiss  has  shown 

tbat  this  can  not  pos^ly  be,  as  it  runs  in  every  case  parallel  to  the 

bedding  of  the  mica-schist  without  reference  to  whether  this  is  parallel  or 

perpendicular  to  the  walls  of  the  dike.    The  porphyritic  quartz  crystals  in 

these  rocks  are  drawn  out  into  long,  pear-shaped  or  tadpole-like  ("kaul- 

qaappenahnlich'')  forms,  which  follow  the  direction  of  the  schistose 

structure.    This  is  accomplished  sometimes  with,  sometimes  withoat,  a 

rapture  of  the  quartz  substance,  and  produces  what  Lessen  calls  tailed- 

quartzes.    (*' Schwanzchen-quarz.")'  .     . 

It  is  remarkable  that  the  porphyritic  feldspar  crystals  of  these 
rocks  have  suffered  far  less  deformation  than  the  much  harder  quartzes, 
an  observation  which,  as  we  shall  see,  is  abundantly  substantiated  in 
the  schistose  porphyries  of  the  Lake  Superior  region.  The  phenomena 
exhibited  by  the  Thuringian  rocks,  although  left  without  explanation 
by  Weiss,  are  referred  without  hesitation  by  Bosenbusch  to  the  effects 
of  dynamic  metamorphism/ 

Bosenbusch  also  remarks  that,  as  a  rule,  the  peripheral  granulation 
(^'raudliche  Kataklase"),  characteristic  of  the  coarse-grained,  granitic 
rocks,  is  wanting  in  the  porphyries.  This  he  attributes  to  the  structure, 
for  in  the  granular  rocks  uhder  great  pressure  the  grains  rub  against 
each  other,  while  in  porphyritic  rocks  the  larger  crystals  are  imbedded 
in  a  homogeneous  matrix,  so  that  they  are  either  only  optically  dis- 
turbed or  completely  pulverized.* 

*I>le  Eracheinaiigen,  welche  der  Qaarz  gestreckter  Gestoine  zeigt,  bekanden  sich  nnterdomPo- 
iMiaationaznlkroskop  in  einem  nngleichen  Dunkelwerden  versohiedenor  Felder,  dtain  in  einer  sch&r- 
£nvn  Abgreozung  donelben;  man  glaabt  Begrenzangslinien  za  aehen,  ohne  dass  seiche  thats&ch- 
li^  nachzDwciaen  wSren  —  sie  berahon  wohl  nar  anf  Spannungen— ondlich  zerfallt  das  einhoitliche 
Xom  aber  wirklick  in  einzelne,  zackig  begrenzte  Theile,  din  zunachst  nar  wonig  aus  ihror  Lage 
iNnhteracheinen ;  gegen  den  Rand  dea  Korns  and  in  starker  gopresston  Thcilon  jedoch  wlrr  daroh- 
efattoderliegen  and  an  der  Zusammensetznngder  feinkornigon  Grrnndmasse  sicb  betbeiligen.  Eigent- 
liehs  Biegongen  ron  Qaarzen  sind  mir  nicht  bekaiint ;  er  zerstiiokt  und  zerfallt  sehr  leicht  and 
crtiegt  wie  es  acheint  ebenBO  leicht  einer  chemiachen  Anflosung. 

* Jafarboeh  preass.  geol.  Landesanstalt  far  1883,  pp.  213-237,  Berlin,  1884 ;  and  Zoitscb.  Deatscb. 
geoL  Gesell..  toI.  86,  1884,  p.  858.  Cf.  J.  O.  Bornemann:  Jabrbach  pronss.  geoL.  Landesanstalt  fdr 
Vtn,  pp,  383-409.  Berlin,  1884. 

"Zeitacb.  Deut«ch.  geol.  Gesell.,  vol.  34, 1882,  p.  678. 

*Die  masMigcn  Gesteine,  2d  ed..  1886.  p.  214. 

•Crid.,  p.  413. 
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Dr.  CGhelias  describes  compressed  and  schistose  granite  porphyries 
from  the  northern  portion  of  the  Oden wald  (Hesse-Darmstadt).  In  these 
the  ground-mass  is  quite  fine-grained,  but  where  small  areas  of  it  have 
been  protected,  as  it  were,  by  large  porphyritic  crystals  it  has  nearly 
twice  (W  coarse  a  grain} 

It  would  appear  to  be  quite  generally  the  case  that  porphyritic 
massive  rocks,  when  subjected  to  great  pressure,  develop  the  so-called 
"  Augen  structure."  The  larger  crystals  are  only  partially  pulverized, 
and  have  on  either  t^ide  of  them,  in  the  direction  of  the  schistose  struct- 
ure, a  mosaic  of  their  own  debris,  arranged  like  the  "  crag-and-tail ''  of 
a  glaciated  ledge.  This  has  been  observed  and  admirably  described  by 
Lehmanu*  in  the  Saxon  granulites,  by  TealP  in  the  gabbros  of  the 
Lizard  district,  Cornwall,  and  by  Bonney.* 

Mineralogical  metamorphism. — This  is  undoubtedly  the  most  impor- 
tant phase  of  metamorphism  in  eruptive  as  well  as  in  sedimentary  rock 
masses.  It  always  accompanies  such  mechanical  deformation — whether 
macroScopical  or  microscopical — as  has  been  already  described ;  but, 
while  such  dynamic  processes  may  greatly  facilitate  chemical  action  or 
molecular  rearrangement,  they  are  by  no  means  always  necessary  to 
bring  them  about.  The  adjustment  between  the  chemical  combina 
tions  and  external  conditions  is  so  delicate  in  the  inorganic  world  as 
to  make  the  difference,  in  this  respect,  between  minerals  and  living  or- 
ganisms seem  rather  one  of  degree  than  of  kind.  This  point  has  been 
elaborated  by  Professor  Judd  in  his  recent  annual  address  before  the 
Geological  Society  of  London  (February  18, 1887).*  Wads  worth®  has 
also  insisted  that  the  changes  in  the  mineral  world  are  due  to  the  pas- 
sages from  states  of  less  stable  to  those  of  more  stable  equilibrium ; 
but,  as  Judd  justly  remarks,  the  cycle  of  changes  may  be  infinite  because 
the  stability  of  a  compound  depends  upon  its  surrounding  conditions. 
With  a  change  of  these,  a  state  which  was  once  stable  becomes  unstable. 
No  student  of  mineralogy  can  fail  to  appreciate  the  extreme  delicacy 
of  the  equipoise.  Any  one  who  has  produced  artificial  twinning-lamellse 
in  feldspar  or  calcite,  or  watched  sulphur  or  boracite  or  tridymite  or 
leucite  pass  from  one  modification  into  another,  must  acknowledge  the 
importance  of  paramorphism  in  the  formation  of  rocks.  But  changes 
of  minerals  accompanied  by  changes  in  the  chemical  nature  of  the  com- 
pound are  still  more  common.  These  may  consist  (1)  in  the  breaking  up 
of  one  molecule  into  two  or  more,  with  but  little  replacement  of  sub- 
stance, as  in  the  formation  of  saussurite  from  labradorite,  or  of  /5  spodu- 
mene  (albite  +  eucryptite)  from  spodumeno;  or  (2)  in  a  reaction  which 
takes  place  between  two  contiguous  minerals,  each  supplying  a  part  of 

■  ■        ■       -  ■   —     -■  ■ —■    ■  ■  ■■■■  I  ■  -  -  i.^i  .1.  .      ■  — — ^ I  .■..,,     ^11   .....       >.■      n       ■■■I.       ■  I  .  ■■■■m  ■  I  I        ^■■a^BM.^ 

»Notizblatt  dea  Vereins  fur  Enikundo  zu  Darmstadt,  4.  Folge,  Heft  5,  1885,  p.  20. 
'UDttirauchungen  iiber  die  EntstehuDg  der  altkryBtalliniiiGben  Schiefergeateine,  etc.    Bonn,  1884. 
*Oeol.  Maj^.,  London,  Nov.,  188G. 

'Presidential  address  to  the  Geological  Society,  Feb.,  1886.,  Qaart.  Jour.  Geol.  Soo.  London,  toL  42, 
Proc,  p.  96. 
^Soe  alBO  the  writer,  Pop.  ScL  Monthly,  Sept.,  1889. 
•  Kaiare,  March  3,  1887,  p.  417. 
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the  sabatance  necessary  to  form  a  new  compoand  of  intermediate  com- 
position, more  stable  for  the  then  existing  conditions  than  either.  Such 
a  case  is  the  formation  of  a  hornblende  zone  between  crystals  of  olivine 
or  hypersthene  and  plagioclase,  or  of  the  so-called  ''  kelyphite"  zone 
between  pyrope  and  serpentine;  (3)  in  more  complicated  and  less 
easily  understood  chemical*  reactions,  like  the  formation  of  garnet  or 
mica  from  materials  which  have  been  brought  together  from  a  distance 
and  under  circumstances  of  which  it  is  at  present  impossible  to  state 
anything  with  certainty. 

All  such  changes  involving  an  actual  change  in  the  chemical  com- 
position are  best  designated  in  contrast  to  those  produced  by  para- 
morphism,  as  metasomatic.^ 

Of  course  all  of  these  metamorphic  changes  of  a  mineralogical  char- 
acter— whether  paramorphic  or  metasomatic — may  go  on  in  all  conceiva- 
ble proportions  in  a  rock  mass  at  the  same  time.  They  are  often 
accompanied  by  changes  in  the  original  structure  of  the  rock,  but  not 
of  necessity,  although  such  changes  of  structure  can  not  be  accom- 
plished without  chemical  alteration. 

Chemical  changes  in  minerals  and  rocks  have  occupied  the  attention 
of  mineralogists  and  chemists  from  the  beginning  of  the  century,  and 
yet  it  is  almost  exclusively  in  sedimentary  rocks  that  such  studies  have 
been  carried  on.  Only  within  recent  years  have  the  mineralogical  met- 
amorphoses which  take  place  in  eruptive  rocks  commenced  to  receive 
their  proper  share  of  consideration.  Lessen,  Tornebohm,  and  J.  Leh- 
mann  were  the  first  in  Europe  to  recognize  the  importance  of  such  in- 
vestigations;* while  it  will  ever  remain  one  of  the  most  signal  services 
which  Dr.  Wads  worth  has  rendered  to  petrography  that  he  was  the 
first  in  America  to  fully  grasp  their  significance  and  to  emphasize  it. 

It  would  be  quite  beyond  the  purpose  of  the  present  paper,  even  if 
it  were  possible,  to  give  a  complete  summary  of  all  that  has  been  done 
.on  the  subject  of  chemical  changes  in  eruptive  rocks.  In  this  place  the 
attempt  will  be  made  only  to  trace  out  historically  some  of  the  more 
important  alterations  which  have  a  direct  bearing  upon  the  rocks  form- 
ing the  subjectof  this  investigation.  Important  and  wide-spread  phases 
of  the  metamorphism  of  eruptive  rocks — such,  for  instance,  as  serpeu- 
tinization — which  are  not  exemplified  within  the  area  studied  will  not 
be  here  considered.  On  the  other  hand,  minor  details  or  local  modifi- 
cations of  well  known  and  universally  recognized  processes  will  be  elab- 
orated in  the  course  of  the  special  petrographical  descriptions  (Chap- 
ters II-Y)  and  summarized  in  Chapter  YI. 

The  points  which  will  be  historically  considered  in  this  chapter  are 
the  following: 

(l,)UraUtizationj  or  the  secondary  origin  of  horublende,  both  fibrous 
and  compact,  from  pyroxene. 

*  Tbi«  term  in  preferrod  to  methylonU  of  Kinif  and  Eown'^y  ("An  oH  chapter  of  tho  geological  reoord 
with  »  now  interpretation;"  London,  1881),  and  Bonney  (Qnart.  Jour.  Geol.  Soo.,  London,  toL  43, 
1886,  Proo.,  p.  69),  and  to  metachemie  of  Dana  (Am.  Joar.  Soi.,  1886, 3d  series,  vol.  82,  p.  70)^  becaoAQ  it 
Is  at  present  bo  maoh  more  widely  used  and  henco  bo  maob  more  intelligible. 
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(2.)  Chloritizatiann 

(3.)  Epidotization. 

(4.)  Formation  of  the  viridite  {chlorite)  epidote  aggregate. 

(5.)  Satissuritization, 

(6.)  Formation  of  the  albiie  mosaic, 

(7.)  Seridtization. 

(8.)  Alterations  of  titanic-iron, 

Uralitization, — Ever  since  the  classic  record  of  observations  made  by 
Gustav  Bose  in  the  Ural  Moantains  in  1830,^  the  fact  has  remained  an- 
dispnted  that  pyroxene  sometimes  changes  to  an  aggregate  of  amphi- 
bole  needles  which  often  preserve  by  their  arrangement  the  ongiual 
augitic  form.  It  was  not  long  before  other  similar  occurrences  were 
discovered,  notably  in  Scandinavia  and  the  Tyrol.  Still,  these  localities 
were  regarded  as  exceptional,  and  it  was  impossible  that  the  full  geo- 
logical importance  of  Rose's  uralite  should  be  appreciated  without  the 
aid  of  the  microscope.  With  the  help  of  this  instrument  it  was  soon 
discovered  that  the  smaragdite  of  the  saussurite  gabbros  or  enphotides 
was  a  secondary  hornblende  which  had  originated  from  the  diallage. 
As  the  number  of  observers  and  observations  increased,  instances  of 
the  undoubted  passage  of  every  sort  of  pyroxene  into  a  fibrous  amphi- 
bole  grew  constantly  more  and  more  abundant.  It  would  be  useless 
to  attempt  to  trace  out  these  discoveries  in  detail.  It  is  enough  merely 
to  mention  the  names  of  Kose,  Vom  Bath,  Fischer,  Hagge,  Zirkel,  Von 
Lasaulx,  Kosenbusch,  Tornebohm,  Svedmark,  Sjogren,  Becke,  Kloos, 
Michel-L6vy,  Allport,  Phillips,  Teall  and  Hatch,  in  Europe,  and  of 
Hawes  in  this  country,  to  recall  the  accuracy  and  value  of  the  facts  re- 
corded, while  among  the  first  to  see  further  than  mere  facts  and  to  grasp 
the  full  geological  significance  of  this  wide-spread  change  may  be  placed 
Lessen,  Lehmann,  Beusch,  Wadsworth  and  Irving. 

The  alteration  of  pyroxene  to  hornblende  is  almost  universally  alluded 
to  as  paramorphism,  and  such,  indeed,  It  may  be  in  some  instances^ 
Still,  many  investigations  go  to  prove  that  it  is  very  often,  perhaps  al- 
ways, accomplished  by  chemical  change.  The  original  uralite  of  Bose 
was  too  soft  and  hydrous  to  be  compared  with  hornblende.  The  studies 
of  Forschhammer,  Bose,*  and  Svedmark  ^  showed  that  when  augite 
changed  to  fibrous  hornblende,  magnetite  and  often  calcite  was  sepa- 
rated out  between  the  needles.  A  recent  opinion  b^^  Bosenbusch  on 
this  point  is. as  follows: 

This  uralitization  can  hardly  be  regarded  as  a  simple  act  of  molecular  rearrange- 
ment; we  should  rather  expect  that  a  part  of  the  lime  contained  in  the  augite  would 
pass  into  other  combinatious,  and,  in  fact,  epidote  is  an  almost  constant  companion 
of  uralite.* 


ipo^gendorff  AnDalen,  vol.  22,  1831 ;  vol.  31,  1834,  p.  017;  also  Koiso  Dach  dem  CTral,  vol.  2,  p.  342. 

"ZeitBchr.  Doutsch.  geol.  Geoell.  Berlin,  vol.  16,  1864.  p.  6. 

«N(*ae8  Jahrbuch  fiir  Mineral,,  1877.  p.  09;  Mikros.  Pbyeios.,  vol.  2,  2d  ed.,  p.  IS-T;  vol.  1,  p.  472. 

*Die8€  TJraliti«iriing  kann  nicht  wohl  i^in  einfachcr  Act  moleculanr  UralngeruDg  8<'in,  es  ist  viel 
mehr  za  erwarten,  dass  ein  Thell  dca  Kalkgebalta  des  Augita  in  andere  Yerbindaiigen  iibergeh^  uni 
^atflficblich  ist  Epidot  ein  nahesu  conatanter  Begleiter  dea  UraUta. 
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Dn  B.  Harrington,  of  Montroal,  has  carefully  analyzed  three  stages 
of  alteration  between  pyroxene  and  a  secondary  fibrous  hornblende 
resulting  from  it,  and  has  found  that  during  the  change  there  has  been 
a  great  loss  of  lime  and  a  gain  of  magnesia,  silica,  and  the  alkalies.^ 
The  specimen  investigated  was  one  of  the  excellent  examples  of  uralite 
from  the  apatite  mines  near  Ottawa,  Canada,  similar  to  those  named 
by  Thomson  '^Raphilite."^ 

Mr.  J.  J.  H.  Teall  has  also  recently  discussed  this  point  in  connec- 
tion with  his  studies  of  the  alteration  of  the  Scourie  dike,^  and  is  of  the 
opinion  that  the  oxidation  of  iron  from  the  ferrous  to  the  ferric  state  is 
incident  to  the  change  of  augite  to  hornblende. 

While  the  alteration  of  almost  any  pyroxene  into  fibrous  hornblende 
has  now  become  a  universally  recognized  fact,  the  possibility  of  the 
change  of  this  mineral  directly  into  compact  hornblende  is  by  no  means 
so  generally  admitted.  So  admirable  an  observer  as  J.  H.  Kloos  has 
recently  based  his  distinction  between  primary  and  secondary  aniphi- 
bole  in  the  Black  Forest  gabbros  entirely  upon  their  compact  or  thin 
fibrous  character.*  Still,  the  work  of  many  investigators  shows  that 
this  is  by  no  means  a  reliable  criterion  in  all  cases. 

Sveilraark  found  in  1876  that  the  pyroxene  of  the  Vaksala  porphyry 
passed  into  an  aggregate  of  stout,  compact  amphibole  needles.*  In 
1877  Streng  described  compact  brown  hornblende  in  the  Minnesota 
gabbros,  which  he  considered  to  have  originated  from  the  diallage ;  ® 
and  in  1878  Dr.  George  W.  Hawes  described  and  figured  similar  occur- 
rences in  certain  New  Hampshire  rocks.'  In  1880  appeared  accounts 
by  Irving,  and  in  1882  by  both  Irving  and  Van  Hise,  of  compact  brown 
hornblende  originating  from  diallage.^  In  1880  0.  von  John  described 
the  alteration  of  diallage  to  compact  brown  hordblende  in  the  olivine 
gabbro  of  Bosnia.^  In  1883  Hj.  Sjogren  regarded  the  irregular  spots 
of  compact  brown  hornblende  which  occur  in  and  around  the  pyroxene 
of  the  wernerite  or  dipyrediorite  of  Bamle  in  Norway  as  produced  by 
a  molecular  rearrangement  of  the  pyroxene  substauce.^^  In  1884  similar 
observations  were  made  by  myself  in  certain  pyroxenites  of  the  "  Oort- 
landt  Series,"  occurring  at  Montrose  Point  on  the  Iladson  liiver;  also 
in  the  so-called  '*  black  granite"  (gabbro)  from  Addison,  Me.,  and  in 
rocks  from  the  apatite  regions  of  Canada.^^    In  the  same  year  (1884) 

*  Geol.  Survey,  Canada.    Report  of  progress  for  1878-79.    Appendix  G,  p.  23. 
* OutlineB  of  Mineralogy,  Geology,  eto.,  London,  1836,  vol.  I,  p.  153. 
'Quart.  Jonr.  Geol.  Soc.  London,  vol.  41,  1883,  p.  \',n. 

*Nenefl  J.ihrbuch  fiir  MiooraK,  Beilage-Band  3,  1884,  pp.  32, 33. 

»Gcol.  Fiironlngens  Stockholm  Forhandl.,  1876,  pp.  151-104;  Neuea  Jalirbucb  fdr  Mineral.,  1877,  p. M. 

«Keuc8  .Tahrbuch  fiir  Mineral.,  1877,  pp.  133. 240 ;  Am.  Jour.  Sci.,  Dec,  1884,  p.  4G4. 

*  The  Geology  of  Now  Hampshire,  vol.  3,  1878,  part  i  v,  Mineralogy  and  Lltbology,  pp.  57, 206,  pL  vii, 
flgl. 

•GeoL  Wisconsin,  vol.  3,  (1880)  p.  170;  vol,  4.  (1882)  p.  662.  See  also  Geol.  Wisconsin,  vol.  1, 1883,  p. 
321.  and  Am.  Jonr.  Sci.,  3d  series,  vol.  26.  p.  29,  1883. 

*Grundliniender  Geologievou  Bosnlcu-IIerzegovhia,  Wicn,  ;880.  (Cf.  Neues  Jahrbacb  fdr  Mineral., 
ISi^l,  vol.  2.    Ilofehito,  p.  353.) 

>*GeoL  Foreningens  Stockholm  Furbandl.,  vol.  6,  p.  447, 1883.  (Cf.  Nenos  Jahrbuch  fUr  Mineral. 
Itti,  voL  1.    Referate,  p.  81.) 

"Am.  Jour.  Sci.,  3d  series,  vol.  28,  Oct,  1884,  p.  261. 
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A.  Scbenck  quotes  in  his  laaagaral  Dissertation  a  statement  mad^  ^* 
von  Lasaalx  in  1878,  tliat  pyroxene  passes  first  into  fibrous  and  su'fc^^^ 
quently  into  compact  brown  hornblende.^  Schenck  himself  observec^-  ^ 
the  Eimberg  diabase  from  the  upper  Ruhr  Valley  that  the  revers 
this  was  true,  i.  e.,  that  the  pyroxeue  passed  first  into  compact  bro 
and  this  subsequently  into  fibrous  green  hornblende.^ 

The  secondary  hornblende,  so  well  described  and  figured  by  Tealt 
the  Scourie  dike,  is  decidedly  compact  in  its  nature,^  nor  is  that  deri' 
from  the  paramorphism  of  the  diallage  in  the  Saxon  "  flaser-gabbr< 
according  to  the  observations  of  J.  Lehmaun,  less  compact.*    Sl 
eminent  authorities  as  Lessen'  and  Kosenbusch^  also  allow  that  there^^ 
no  doubt  that  compact  basaltic  hornblende  occasionally  results  throu 
the  direct  paramorphism  ot*  diallage,  or  even  orthorhomiic  pyroxei 
The  chemical  composition  of  the  original  mineral  undoubtedly  larger ^ 
conditions  the  nature  of  the  resultant  product.    This  is  shown  by  t 
observations  of  von  John  in  the  Flysch-gabbros  of  Bosnia,  where  bro^ 
hornblende  resulted  from  dark  and  green  hornblende  from  pale  diallage- 

These  facts  are  dwelt  upon  here  somewhat  in  detail  because,  as  wd^ 
been  seen  in  the  sequel,  they  have  possibly  an  important  bearing  on  a 
large  part  of  the  Menominee  Kiver  greenstones. 

It  is  not  intended,  of  course,  to  imply  by  the  above  statements  that 
true  parallel  growths  of  primary  augite  and  primary  brown  hornblende 
may  not  occur,  as  held  by  both  Losseu  and  Rosenbusch  (lo<!.  cit.). 
Such  parallel  growths. would  have  the  closest  possible  resemblance  to 
alteration  forms,  and  I  can  not  escape  the  conviction  that  the  tendency 
of  future  studies  will  be  to  attribute  a  secondary  origin  to  more  and 
more  of  such  intergrown  brown  hornblende. 

The  derivation  of  fibrous  or  a*ctinolitic  hornblende,  quite  identical  in 
all  respects  with  uralitc,  from  compact  hornblende  (whether  brown  or 
green)  seems  hitherto  to  have  been  much  neglected.  Inostrauzeff  in 
1879  described  Russian  diorites  in  which  the  original  hornblende  had 
passed  into  secondary  actiuolite,  as  well  as  into  biotite,  chlorite  and 
talc.^  Becke  also,  in  1882,  mentions  uralite  ibrmed  from  both  pyroxene 
and  compact,  primary  hornblende,  in  the  kersantite  of  the  "Nieder- 
oesterreichisches  Waldviertel."  ^ 

Descriptions  have  also  been  given  by  myself  of  compact  brown  horn- 
blende changing  into  the  green  fibrous  variety  in  the  Baltimore 
gabbros.^° 


*  Verb.  d.  naturb.  Voreina  d.  pr.  Rhcinl.  imd  Wcstf.,  187K,  p.  171,  pi.  iv,  fiff.  4. 

*  Die  Dinbaso  do8  ob«rcn  Kubrtbals,  etc.,  luaiigural-Dissertalion.    Bonn,  1884,  p.  41. 

*  Quart.  Jour,  Geol.  Soc.  London,  vol.  41,  p.  137,  1S85,  pi.  ii,  tig.  2. 

*Ueber  die  Entstebiing  der  altkrystalliniscbou  Scbicforgesteiue,  etc.    Bonn,  1884. 

*  Jabrbuch  preu8».  gcol.  LandesanHtAlt  fiir  18'^4,  p.  537,  Berlin,  1885. 
«Mikro8.  Physiog.,  2d  cd.,  vol.  2,  1887,  pp.  141,  209. 

'Ueberkryst.  Gest.  Bosn ions  uud  der  Herzc<:ovina  in  Grundlinieu  der  Gcol.  von  Boanien-Herzego* 
Vina.  Wien,  1880  (ref.  NeucH  Jabrbucb  fiir  Miuonil.,  1881,  vol.  2.    Keferatc,  p.  353). 

"StudioD  iiber  motamori>bo8irfco  Gesteine  im  Gouvernemont  Olcncz.  Leipzig,  1879  (qA  l^eues  Jahr* 
.  bach  fiir  Mineral.,  1880,  vol.  2.    Rofcrate,  p.  342). 

'Tsobermak'a  mineral,  u.  petrog.  Mittheil.,  vol.  5, 1883,  pp.  167-159. 

"Bull.  TJ.  S.  GeoL  Survey,  No.  28,  p.  46. 
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CThe  common  alteration  of  rock-forming  hornblende  appears  to  be  to 
cblorite  or  to  epidote,  or  into  an  aggregate  of  both  these  minerals* 
This  is  almost  the  only  change  mentioned  by  Bosenbusch  in  his  most  re- 
cent works,  although  in  one  place  he  says :  "•  *  ♦  bei  Chloritisirung 
fasert  sich  die  Hornblende  ans  •  •  ♦  "  etc.^  That  tliis  change  of 
compact  to  fibrous  hornblende  is,  however,  of  great  importance,  tlie  rocks 
described  in  the  seqnel  will  abundantly  prove. 

Chloritization, — ^An  admirable  exposition  of  the  present  state  of  ouJ^ 
kuowledge  relative  to  the  so-called  ^'chloritic  constituent"  of  the  dia- 
bases and  allied  rocks  is  to  be  found  in  the  most  recent  work  of  Bosen- 
busch.'   The  secondary  hydrous  minerals  of  a  green  color,  whose  almost 
uuiversal  presence  has  brought  to  this  whole  class  of  rocks  the  gen^ 
eral  designation  "greenstone,"  owe  their  existence  to  the  processes 
known  as  weathering,  rather  than  to  such  as  may  be  strictly  called  met- 
amorphic.    There  can  be  but  little  doubt  that  they  have  been  formed 
mainly  out  of  the  components  of  the  pyroxene,  although  these  wander 
BO  daring  the  process  of  the  alteration  that  the  new  products  by  no 
means  occupy  the  exact  position  of  the  original  mineral.    It  seems  pos- 
sible to  distinguish  two  classes  of  such  secondary  substances :  First, 
Bucli  as  are  more  or  less  fibrous  in  structure,  without  pleochroism,  and 
bave  a  decided  action  upon  polarized  light;  and,  second,  such  as  are 
scaly  in  structure,  with  pleochroism  and  so  weakly  polarizing  as  to 
appear  isotropic.    The  first  class  embraces  substances  allied  to  serpen- 
tine; the  second,  those  which  more  or  less  closely  resemble  chlorite. 
Ill  certain  cases  they  have  been  chemically  identified  with  such  indefi- 
wte  species  as  delessite,grengesite  (Hisinger),  seladonite,  chlorophaeite 
(Maccnlloch),  epichlorite  (Rammelsberg),  diabantachronnyn  (Liebe),^ 
a»d  diabantite  (Hawes).*    All  of  these  substances  resemble  each  other 
more  or  less  closely  in  both  physical  and  chemical  behavior,  and  I  am 
inclined  to  agree  with  Bosenbnsch^  in  preferring  the  generic  term 
"cA/mfe"  or  ^^chloritic  substance^^  for  them,  to  even  the  indefinite  des- 
JjSfDations  ^^viridite^^  of  Vogelsang®  or  ^^ chlorqp^ite^^  of  von  Giimbel.    In 
fact  Eeungott  has  shown  that  the  formula  of  diabantachronnyn  may 
be  brought  quite  into  accord  with  that  of  typical  chlorite."^ 

Liebe  found  the  greenish  coloring-matter  of  the  dark  titanic  iron 
diabases  of  Voigtland  and  Franken  wald  to  be  picrolite  (serpentine),  and 
it  is  not  unusual  to  observe  the  curious  vermicular  aggregates  of  cir- 
cular cblorite  scales  to  which  Volger  has  given  the  name  helminth.^ 
It  is  well  known  that  the  results  produced  by  the  weathering  of  horn- 

'MikTOs.  Phyaiog.,  2d  ed.,  vol.  2,  1887,  pp.  468,469. 

>Ibid..pp.l80>184. 

>  Neues  Jahrbuch  ftir  Hinoral.,  1870,  p.  2. 

•Am.  Jour.  Scl.,  3d  »erie8,  vol.  9, 1875,  pp. 454-467;  Geol.  New  Hampabire,  vol.  3,  part  3 ;  1878,  p.  120. 

sHikroA.  Phyalog.,  2d  ed.,  voL  2, 1887,  p.  183. 

'Archives  N^erlandaiae^,  vol.7,  1872;  25citech.  DeutvSch.geol.  Gosell.,  vol.  2t,  1872.  p.  629. 

^Keuea  Jabrbacb  fiir  Mineral.,  1871.  p.  51. 

•Stndien  sur  Entwickelaagageacbicbto  der  Miuendien,  1854,  p.  142. 
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blende  or  mica  are,  in  most  instances,  quite  similar  to  those  just  de- 
scribed in  the  case  of  pyroxene.  Sach  a  change  of  hornblende  may  have 
an  equal  importance  in  those  greenstones,  like  a  large  proportion  of 
thiose  to  be  considered  in  this  paper,  whose  bisilicate  constituent  was 
originally  augite,  but  which  was  subsequently  changed  by  a  truly  meta- 
morphic  process  (uralitization)  to  hornblende  before  the  final  weather- 
ing commenced. 

The  last  result  of  the  action  of  the  atmospheric  influences  upon  the 
chlorite  is,  as  Bosenbusch  long  ago  showed,  to  convert  it  into  an  aggre- 
gate of  limonite,  carbonate,  and  quartz. 

JEpidotization. — The  most  careful  and  detailed  observations  on  this 
process  are  to  be  found  in  the  Inaugural  Dissertation  of  Adolf  Schenck 
on  the  Diabases  of  the  upper  Buhr  Valley  and  their  Contact  Phenom- 
ena.^ This  investigator  finds  that  certain  of  these  diabases  are  converted 
into  ^^Epidosites,"  or  aggregates  of  epidote  and  either  quartz  or  calcite. 
He  suggests  the  only  three  possible  hypotheses  for  the  formation  of 
this  epidote,  viz:  (1)  That  it  was  formed  by  the  action  of  thedecomposi- 
tion  products  of  the  bisilicate  (mainly  GaO  and  Fe203)  upon  the  feld- 
spar substance ;  (2)  That  the  reverse  was  true,  i.  e.,  that  the  decomposi- 
tion products  of  the  feldspar  (mainly  AlaOs  and  CaO)  acted  upon  the 
pyroxene;  (3)  That  there  was  a  mutual  reaction  between  the  decom- 
position products  of  both  the  original  constituents.  The  first  of  these 
hypotheses  is  regarded  by  the  author  as  the  only  tenable  one  for  the 
rocks  which  he  studied,  because  in  all  those  diabases  which  contained 
much  epidote  the  feldspar  was  remarkably  fresh  and  the  pyroxene  de- 
composed, while  in  those  whose  feldspar  was  extensively  altered  epidote 
was  almost  wanting.  Observations  of  the  change  of  feldspar  to  epidote 
are  cited  from  the  writings  of  Dalhe,  Cohen,  Bosenbusch,  Liebisch,  von 
Lasaulx,  Inostranzeff,  Zirkel,  Michel  L6vy,  Kiibn  and  Scheilitz;  and  even 
more  authorities  are  quoted  to  show  that  this  same  mineral  originates 
from  augite,  or  more  commonly  from  hornblende  or  uralite.  If  iron  is 
not  at  hand,  the  place  of  the  epidote  appears  to  be  taken  in  the  feld- 
spar by  zoisite.  An  excellent  example  of  the  origin  of  epidote  as  a  re- 
actionary rim  between  the  substance  of  hornblende  and  plagioclase  has 
been  described  and  figured  by  myself  in  the  Baltimore  gabbros  and  their 
derivatives.  Here  the  epidote  forms  a  continuous  border  around  the 
hornblende,  iis  crystals  projecting  from  it  outward  into  the  feldspar* 

Viridite  {chlorite)- Epidote  Aggregate, — The  simultaneous  action  of  the 
two  last  described  processes  (chloritization  and  epidotization)  in  an 
aluminous  pyroxene  or  hornblende  results  in  the  production  of  an  ag- 
gregate consisting  of  sharply  defined,  pale  yellow  crystals  of  epidote, 
imbedded  in  a  green,  scaly  mass  of  chlorite.  The  appearance  of  this 
under  the  microscope  is  shown  on  PL  XI,  fig.  1.  The  magnesia,  together 

*  Die  Diabase  des  oboren  Rnhrthals  uDd  ihro  CoDtacterechoinnngen  mit  dem  LenneAchiefer.    Bonn, 
1884. 
>Biill.  17.  S.  Geol.  Sarvey,  No.  28,  1686,  p.  32.    PI.  Ill,  Fig.  2. 
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with  a  proportion  of  the  irou,  alatnitia  aud  silica,  have  here  formed 
the  chlorite ;  while  the  lime,  instead  of  becoming  a  carbonate,  as  it  often 
does,  has  become  fixed,  in  combination  with  the  rest  of  the  iron? 
alumina  and  silica,  as  epidote. 

Sach  aggregates  have  not  escaped  the  notice  of  petrographical  stu- 
dents, though  carious  mistakes  have  sometiuies  arisen  as  to  their  true 
nature  and  origin. 

In  1874  Dathe  described  this  association  of  chlorite  and  epidote  with 
great  correctness  and  precision.    He  says : 

When  secondary  prodacts  become  abundant  and  the  leek-green  Tiridite  increases 
in  aiuoant  aad  distribation,  then  there  are  often  associated  with  this  light  yeUow 
crystals,  whose  diflerence  from  the  vlridite  is  very  apparent  under  the  microscope.  In 
the  progress  of  my  studies,  I  have  recognized  these  crystals  as  plstazite.^ 

In  1876  Zirkel  described  the  change  of  hornblende  to  an  aggregate  of 
epidote,  viridite  (chlorite)  and  magnetite,  with  which,  in  many  distances, 
more  or  less  calcite  was  associated.^ 

Id  the  same  year,  Wichmann,  in  his  paper  on  the  iron  rocks  of  the 
south  shore  of  Lake  Superior,  which  was  not,  however,  i)ubli8hed>intil 
1880,'  described  this  chlorite  epidote  quite  correctly  in  some  instances, 
although  he  says  that  it  is  beyond  doubt  that  the  epidote  has  been  formed 
out  of  the  viridite.  In  other  cases  he  regards  the  mineral  imbedded  in 
the  viridite  as  a  secondary  augite,  which,  as  in  the  last  instance,  he 
thinks  was  formed  from  the  chlorite.    He  says  of  this:^ 

The  phenomenon  of  the  transformation  of  viridite  into  augite  has  not  been  observed 
until  recently.  It  is  very  interesting  to  have  the  fact  established  that  this  mineral, 
after  having  been  changed  into  another,  has  finally  returned  to  i  ts  former  state.  *  *  * 
Such  individuals  are  only  present  in  viridite  and  do  not  seem  to  occur  in  any  other 
part  of  the  rock. 

George  F.  Becker  in  the  course  of  his  microscopical  studies  of  the 
rocks  of  the  Comstock  Lode,  Nevada,  which  were  either  identical  with 
those  investigated  by  Zirkel,  or  very  closely  allied  to  them,  found  the 
same  change  of  bisilicates  to  an  aggregate  of  chlorite  and  epidote  which 
the  latter  observer  had  recorded.  Mr.  Becker  is,  however,  very  posi- 
tive that  the  epidote  has  been  developed  after  and  at  the  expense  of  the 
chlorite,  instead  of  simultaneously  with  it.^  This  he  attempts  to  explain 
upon  chemical  grounds.^  The  improbability  of  Becker's  supposition 
was  brought  out  by  Bosenbusch  in  a  review  of  his  work."^ 

In  this,  as  well  as  in  his  more  recent  text-book,^  Bosenbusch  clearly 


*  Wemi  die  KeubildanKspnxtucto  sioh  im  Geatein  hiiafen,  wenn  der  UaohgriiDo  Viridit  [ChloritJ  an 
Hm««  and  Verbreitang  Kunimmt,  stellen  sioh  oftmals  neben  letzteren  licbtgelbliohe  Gebilde  ein, 
deren  Verschiedeahoit  vom  Viridit  bei  mikroskopiscber  Bettaohtang  sofort  in  die  Angen  springt.  Im 
Verbmf  der  Untersncbnnic  wnrden  diese  Gebilde  als  Pistazit  erkannt.  MikroekopiAohe  Unter 
SQchnngen  fiber  Diabase.    Zeitocb.  Deatscb.  geol.  Gesell.,  vol.  20, 1874,  p.  16. 

*Hioro»copical  Petrography,  WaahinKton,  1876,  p.  66,  PI.  m.  Figs.  2  and  3. 
■  Geol.  Wisconsin,  toL  3, 1880,  pp.  600-656. 
« Ibid.,  pp.  623. 624. 

*  The  Geology  of  the  Comstock  Lode.    Monograph  IT.  S.  Ctool.  Surrey,  yoL  3,  p.  7& 
•Ibid.,  pp.  211-214. 

'Kenes  Jahrbach  fUr  Mineral.,  1884,  vol.  2.    Beferftte,  p.  189. 
•lilkroe.  Pbysiog.,  2d  ed.,  vol.  2,  pp.  108, 183. 
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showB  that  the  true  deviation  of  the  chlorite-epiilote  aggregate  is 
be  found  in  a  division  of  the  bisilicates  out  of  whi6h  it  is  form 
the  luagnesia  passing  iut^  the  chlorite  and  the  calcium  and  ferric  ii 
into  the  epidote.  The  triclinic  feldspar  may  often  materially  assist 
this  formation  by  faruisbing  the  necessary  lime. 

Nor  is  this  mistake  of  Mr.  Becker's  a  new  one.    Francke  in  1S75 
scribed  the  same  mineral  association  and  gave  the  same  explanation 
it;^  while  in  1880  Schauf,^  in  1882  Biemanu,^  and  in  1884  Schenck 
roborated  the  observation,  although  both  Schauf  and  Schenck  ^  rais 
unanswerable  chemical  objections  to  the  derivation  of  the  epidote  fi 
the  chlorite. 

Sattssuritization. — ^The  hard,  compact,  whitish  or  greenish  substan 
without  luster  or  cleavage,  which  forms  one  of  the  two  main  componen 
of  the  certain  coarse  gabbros  or  euphotides,  was  called  by  U.  B.  Sau 
sure,  in  1780,  "jade."*    In  1806  Th.  Saussure  named  this  mineral,  i 
honor  of  his  father,  "saussurite,^  but  its  true  nature  continued  for  oveJ 
half  a  century  to  elude  all  mineralogists.    As  long  as  chemical  analysis 
was 'the  only  means  with  which  it  could  be  studied,  any  satisfactory 
solution  of  the  riddle  seemed  to  be  impossible.    Such  investigators  as 
vom  Rath,'  Klaproth,^  T.  Sterry  Hunt,®  and  many  others  obtained  the 
most  diverse  results;  the  composition  in  some  cases  approaching  that 
of  zoisite,  in  others  that  of  garnet,  scapolite,  or  feldspar.    In  186G,  Zir- 
kel  remarked,  at  length,  upon  the  extremely  imperfect  state  of  knowl- 
edge  regarding  this  geologically  important  mineral.^" 

It  remained  for  the  microscope  to  disclose  the  composite  nature  of 
saussurite  as  well  as  to  point  out  the  true  significance  of  its  origin  and 
occurrence. 

Hagge  was  the  first  to  correctly  describe  saussurite  as  an  aggregate  of 
colorless  or  greenish  crystal  needles,  prisms  or  grains,  irregularly  scat- 
tered through  a  colorless,  glassy -looking  matrix."  He,  however,  retained 
the  name  saussurite  for  the  included  grains^  and  did  not  attempt  to  de- 
termine their  mineral  nature.  Hagge  also  clearly  recognized  that  in  ail 
cases  observed  by  him  the  saussurite  was  a  product  of  the  alteration  of 
feldspar,  and  that  the  passage  from  one  mineral  to  the  other  was  a  grad- 
ual one  which  the  microscope  could  easib"  follow.^    These  results  were 

1  Stadlen  itber  Corillerengosteine.    Inangaral-DisserUtioo.    Leipzig,  1875. 
«  Verhl.  d.  nat.  Vereina  d.  pr.  Rlieinl.  u.  Woatf.,  1880,  p.  6. 
»  Ibid.,  1882,  p.  256. 

*  loaugural-DiaAortation.    Bonn,  1684,  p.  45. 

*  Voyages  dans  les  Alpes,  vol.  1,  Neuchfttel,  1 779,  p.  83. 

'  AnsaJea  do  chitnie  et  de  physique,  3d  series,  vol.  16,  p.  469. 
'Poggondoi  ff  Annalcn,  vol.  96, 1855,  p.  556. 

*  Beitriigo,  vol.  4,  p.  271. 

»  Am.  Jour.  Soi.,  2d  series,  vol.  27, 1859,  pp.  336-349. 

•oLohrbiich  dcr  Petrugrapbie,  vol.  1,  p.  27;  vol.  2,  p.  110. 1860. 

"  Mikroskopiscbe  UuteMiichuugen  iiber  Gabbro  and  verwandte  Gosteino.  Kiel,  1871.  On  p.  51  he 
says:  "  Dor  Saassarit  bostebt  aus  kleinen  Krystallnadoln,  PiiAinen  and  Koruern,  die  tarblod  oder 
blossgriin  sind  nnd  regellos  in  einer  wle  oin  farbloses  Glas  aussebenden  Grundmasse,  die  auch  riel- 
facb  klare  Spalten  in  dem  Saussnrit  bildot,  verthiuH  lU^geu." 

"Ibid.,  pp.  35  and  51. 
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quoted  by  Zirkel  iii  his  text- book,  published  in  1873.^  The  conclusion 
tbs&t:  saussurite  was  *'au  aggregate  and  probably  the  end  product  of  a 
tnolecular  rearrangement  iti  the  feldspar"  was  also  reached  by  llosen- 
buscjh  in  the  same  year.-^  In  1878  Becke  showed  that  the  saussurite  of 
cert  aiu  Grecian  rocks  was  largely  zoisite  f  and  in  18S3  appeared  theini- 
por-tant  paper  by  Oathrein  upon  this  subject.*  This  author  draws  from 
liis  ^ork  the  following  six  conclusions  as  to  the  nature  of  saussurite. 

(1 )  The  so-called  saussurite,  far  from  being  a  homogeneous  mineral, 
is  an  aggregate  of  plagioclase,  rarely  orthoclase,  with  zoisite.  Actino- 
lite,  chlorite,  and  other  minerals  may  also  occur  as  accessories. 

(2)  The  chemical  composition  of  saussiKite  resembles  most  that  of 
tlie  lime  soda  feldspars ;  it,  however,  contains  less  silica,  more  lime,  and 
b£is  a  higher  specific  gravity. 

(3)  The  proportions  of  the  saussurite  elements  can  be  calculated  from 
tue  amounts  of  alkalies,  lime,  and  iron,  if  we  know  the  species  of  the 
ori^nal  feldspar. 

(4r)  This  proportion  can  also  generally  be  calculated,  even  when  this 
last  factor  is  unknown,  by  a  consideration  of  the  relative  difference  of 
silica,  alumina  and  lime  in  zoisite  and  anorthite. 

(o)  Saussurite  is  a  product  of  the  metamorphism  of  feldspar  through 
an  exchange  of  silica  and  alkali  for  lime,  iron  and  water. 

(6)  The  epidotization  of  feldspar  is  genetically  the  same  process  as 
^^ussuritization  and  differs  only  in  the  larger  proportion  of  iron  required. 
H.  Reusch  considered  the  saussurite  which  composed  a  large  part  of 
the  Bergen  gabbros  as  partly  epidote,  partly  zoisite.^    Traube  found 
the  structure  and  composition  of  the  saussurite  occurring  in  the  gab- 
bros of  Lower  Silesia  to  be  like  that  described  by  Cathrein,®  while 
Brogger  mentions  neither  epidote  nor  zoisite,  but  regards  some  mem- 
ber of  the  scapolite  family  as  probably  present  in  the  saussurites  studied 
by  him  J    Paul  M  ichael  has  recently  investigated  the  saussurite-gabbros 
of  the  Fichtelgebirge  in  Bavaria  and  concludes  that  two  main  types  of 
saussurite  occur  there.    One  of  these  consists  mainly  of  zoisite,  with 
luore  or  less  alkaline  feldspar,  and  the  other  is  composed  of  a  pale  lime 
A^Qmina  garnet  together  with  serpentine.^ 

J.  Lehmann^  and  Lessen  ^'^  were  the  first  to  recognize  in  the  saussur- 
itization  of  feldspar  a  result  of  dynamic  or  regional  metamorphism — «tt 
idea  which  Kosenbusch  has  lately  more  clearly  developed  and  elabo- 

'Die  milcroAkopiscbe  Bescbaffenheit  der  Mineralien  uuil  Gesteine.    Leipzig,  1873,  p.  143. 

'Diepetrographisch  wichtigen  Mineralien,  1873,  p.  356. 

'TsGhonnak's  mineral,  u.  petrog.  Mittheil.,  vol.  1,  1878,  p.  247. 

*Zeiteclir.  Kryat.,  vol.  7,  1883.  p.  234. 

'  Die  foeeilien-fuhrendon  itryBtalliniMchen  Schiefer  von  Bergen  in  !NoTwegen.   German  translation  by 
Baldanf,  1883,  p.  40. 

'Beitrfige  sar  Kenntniss  dor  Gabbros,  Arapbibolite  und  Serpentine  des  nieder-sobleBlsoben  Gebirgca. 
Inaag.-DiMer.,  1884,  pp.  7,20. 

'XytMag.  for  XiiturvidonHkaberno,  vol.  28,  1884,  p.  253. 

*Xes68  Jalirbaob  far  Mineral.,  1888,  vol.  1,  pp.  36-41. 

'ITntemuclinngen  fiber  die  Entatebnng  der  altkrystallinisoben  Scbiefergesteine,  etc.    Bonn,  1884, 
pp.  107, 199. 
■*  jahrbacb  k.  preiua.  geol.  Landesanstalt  fiir p. 
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rated.^  This  last-uamed  authority  shows  that  the  new  mineral  devel- 
oped in  the  feldspar  is  by  no  means  always  of  necessity  zoisite  or  epl- 
dote.  It  may  also  be  garnet,  or  a  mineral  of  the  scai)Qlite  family.  He 
remarks:^ 

The  8am  total  of  these  new  products,  which  are  certainly  not  produced  by  normal 
weatheringi  but  are  due  to  a  metamorphic  process,  we  designate  as  the  $au89uritiza- 
tion  of  feldspar.' 

Michel-L^vy  was  the  first  to  show  that  the  so  called  "  spotted-gab- 
bro  (gefleckter  Gabbro*)  of  Brogger  and  Reusch  was  a  mixture  of  am- 
phiboleand  wemerite;^  and  Sjogren  has  since  demonstrated  that  the 
latter  mineral  is  secondary  to  feldspar,  and  fhe  first  to  pyroxene. 
Fouqu6  and  Michel-L6vy  tried  the  interesting  experiment  of  fusing  this 
rock,  and  obtained  therefrom  an  aggregate  of  pyroxene  and  labradorite.^ 

Formation  of  the  Albite  Mosaic, — Analogous  and  closely  related  to 
the  saussuritization  of  feldspar  are  cases  where,  in  the  process  of  its 
alteration  by  metamorphism,  the  lime  is  more  or  less  completely  re- 
moved or  crystallized  as  calcite,  instead  of  forming  a  calcium  silicate. 
In  such  instances  the  alkaline  portion  of  the  plagioclase  molecule  crys- 
tallizes in  the  form  of  a  finely  granular  aggregate,  or  mosaic  of  limpid 
grains  (albite).  These  may  be  wholly  devoid  of  twinning  lamella3  and 
often  closely  resemble  quartz,  with  which  they  are  not  infrequently 
associated.  Of  course  such  mosaics  are  connected  by  every  stage  of 
transition  with  saussurite,  according  as  more  or  less  of  the  lime  has  re- 
mained as  a  calcium  silicate  (zoisite  or  epidote). 

Such  a  granulation  of  the  feldspar  substance  has  already  been 
alluded  to  under  the  head  of  microstructural  metamorphism;  but,  inas- 
much as  a  complete  solution  and  recrystallization  of  clear  feldspar  sub- 
stance often  takes  place,  it  belongs  quite  as  much  to  this  division  of  the 
subject.  The  geological  significance  of  this  method  of  feldspar  altera- 
tion, especially  in  certain  basic  eruptive  rocks  like  diabase,  has  been  most 
persistently  emphasized  by  Lessen.  He  has  shown  how  it  may  result 
in  the  total  oblit-aration  of  the  original  and  characteristic  rock-struct- 
ure, and  how,  therefore,  it  may  prove  most  misleading,  unless  its  nat- 
ure and  origin  are  clearly  understood.''  J.  Lehman n,^  Teall,^  and  others 
have  also  observed  and  commented  on  such  a  secondary  feldspar 
mosaic. 

Serioitization. — The  soft,  unctuous  mineral  characteristic  of  so  many 
slates  and  schists  was  formerly  regarded  as  talc.    This  gave  rise  to  the 

iMikros.  Physiog.,  2d  ed.,  vol.  2,  1886,  p.  164. 

«Ibid..  p.  137. 

>  "Die  Gesammtheit  dieser  Keabildnngoti,  dio  sicherkeine  Art  der  uormaler  Vcrwittenmg,  sondem 
ein  mctamorpher  Vorgang  ist,  bezoichnet  man  als  die  SaiuturiHsining  des  Foldapaths." 

4  Bull.  Soc.  Miu^ral.  do  France,  vol.  1,  1878,  pp.  43,  70. 

«Gool.  Fdreningens  Stockholm  Forhandl,  vol.  6,  1883,  p.  447  (NoacsJahrbuclifilr  Mineral.,  1884,  vol. 
1,  roferato  p.  81). 

^  Bnll.  Soo.  Mineral,  de  France,  vol  2, 1879,  p.  105. 

'Jabrbuch  preuss.  gool.  Landesanstalt  fUr  1883,  p.  640  PI. 20 ;  ibid.,  1884,  pp.  525-530,  PI.  XXIX,  Figs. 
2  and  4. 

"Uutorauchongon  uber  die  Entatchung  der  altkrjstAlUuischeii  Scblcfergestoine,  etc.,  1884,  p.  207. 

*  Quart.  Joar.  Qeol.  Soc.  London,  vol.  41, 1885,  p.  139. 
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CO Toinon  designatiou  ^^soapstone"  or  <*talcose  slates^''  which  was  used 
very  early  in  America  by  Amos  Eaton.^  As  early  as  1819,  however, 
Chester  Bewcy,  of  Williams  College^  made  the  statement  that  he 
able  to  detect  very  little  magnesia  in  the  specimens  which  he  ex- 
amined, while  alaniina  was  abundant.  Ue  iherefore  preferred  to  call 
tbese  rocks  micaceous  slates.' 

In  Europe,  slates  of  this  kind  were  first  studied  from  the  Taunus, 
triiere  they  were  usually  regarded  as  talcose  until  1847,  when  Sandber- 
ger   made  the  same  discovery  that  Dewey  had  made  with  regard  to  the 
American  rocks.'    List  subsequently  studied  more  carefully  this  mica- 
ceous constituent  of  the  Taunus  schists,  and  named  it,  on   account 
of  its  silky  luster,  *'  Sericite."*    Scharff  attacked  tlie  conclusions  of  List 
and  considered  sericite  to  be  only  a  mixture,^  while  Lossen  vigorously 
defended  the  individuality  of  the  mineral.* 

The  sericite  was  soon  identified  by  many  investigators  in  the  rocks 
of  many  regions.*^  Prof.  Dana  united  it  witli  the  species  margaro- 
dite  and  damourite  in  the  group  o^  hydro-micas  and  called  this  class 
of  slates  the  hydro-mica  slates.  Of  these  so-called  hydro-micas  Prof. 
Dana  says : 

The  following  species  [margarodite,  damoarite,  parophitei  Bericite,  sericite  schist, 
groppite,  euphyllite,  cookeite,  voigtite,  roscoelite,]  are  mica-like  in  cleavage  and  as- 
pect, l)Qt  talc-like  in  wanting  elasticity,  in  greasy  feel,  and  in  pearly  luster.  Tbcy 
are  Bometimes  brittle.  Couioion  mica,  mascovite,  readily  becomes  hydrated  on  ex- 
posure; bat  hydrous  micas  are  not  all  a  result  of  alteration.  Hydro-mica  schists 
form  extensive  rock-formations,  equal  to  those  of  the  ordinary  mica-schists.* 

In  1880  Laspeyres  made  a  very  thorough  examination  of  sericite 
and  showed  conclusively  its  identity  with  muscovite.^  It  differs  from 
the  ordinary  form  of  this  species  only  in  its  compact  structure  and  in 
its  geological  significance;  but^  since  both  of  these  are  characteristics, 
there  is  a  decided  advantage  in  retaining  the  name  sericite,  especially 
in  petrography,  to  designate  a  peculiar  form  and  occurrence  of  musco- 
vite. 

The  alteration  of  orthoclase  into  kaolin  or  clay  was  very  early  kuown.**^ 
The  corresponding  change  of  the  same  feldspar  into  mica  was  first  ob- 
served by  Huidingerin  1841,'^  but  was  subsequently  found  to  be  not 

'  Index  to  the  Geology  of  the  Northern  States,  pp.  147, 174, 280. 

'Am.  Jonr.  Sci.  list  serieB,  vol.  1, 1810,  p.  310.  Thus  tho  dii^covery,  iinnally  Attributed  to  Sandberger, 
VM  JUitieipatetl  in  America  by  twcnty>cii;ht  yeard.    Cf.  Dana's  Manual  of  Gooloizy,  3d  ed.,  p.  72. 

•  CeberBicht  d.  geol.  Vorhaltoiaso  d.  Horzogth.  Nassau,  1817,  p.  91. 

'Jtbrb.  d.  Vereinsf.  Natnrknnde  Irn  Herzo^tli.  NnnHnn,  vol.  6, 1850,  p.  126;  vol.  7,  1851,  p.  268 ;  voL 
^  1853,  p.  128;  Annalen  Chem.  nnd  Pharm.,  vol.  81,  isr.'j,  p.  181. 

'Neaee  Jafarbuch  fiir  Mineral..  1868,  p.  309;  ibid.,  1874,  p.  271. 

'Zeitflcbr.  Deutsch.  mineral,  gcol.  GeHnell.,  vol.  19,  18C7,  p.  509;  vol.21. 1869,  p.  281. 
'<  g-i  hy  Pichlor  in  tho  Tyrol.    Kouea  Jahrbuch  fiir  Mineral.,  ISn,  p. 56 ;  by  Tornebohm  in  Sweden, 
Neaes  Jahrbncb  filr  Mineral.,  1874, p.  141 ;  by  von  LaHaulx  in  tho  Ardennes;  by  Credner  in  Saxony 
aod  by  Wichmann  in  the  Lake  Superior  rocks. 
*Uaniial  of  Mineralogy  and  Petroj^raphy.    4th  cd.    Now  York,  1887,  p.  335. 
*ZeitflChr.  Kryst.,  vol.  4,  1880,  pp.  244-256. 
i^Blam :  Pseudomorphusen  d.  Mineralreiohea,  1843,  p.  72. 
"Abh.d.k.bdbm.    Geaell.  d.  WiflatiOttchaft,  1841,  p.  4.    Biam :  pBCudomorpUoeeu,  NaoUtr.,  i,  1847, 
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ancommon.  Since  rocks  bave  beeu  studied  with  the  microscope,  tt 
change  of  potash  feldspar  to  niuscovite  or  sericite  has  been  found  1 
possess  a  wide  significance,  especially  in  dynamic  metamorphism. 

There  seems  every  reason  to  believe  that  sericite  always  originate 
from  potash  feldspar  and  not  from  other  micas.  Its  constant  and  ver 
intimate  association  with  quartz  shows,  as  first  pointed  out  by  La^ 
peyres,^  that  it  was  derived  from  an  acid  silicate. 

Any  rocks,  therefore,  whether  sedimentary  or  massive,  which  coi 
tain  orthoclase,  may  give  rise  to  sericite ;  bat  its  formation,  in  any  case 
would  seem  to  require  the  action  of  some  great  dynamic  force.  Tin 
close  relation  between  dislocation  and  mica  foimation,  so  clearly  illn^ 
tratcd  by  J.  Lehmann,*  is  in  an  eminent  degree  applicable  to  sericite 
It  is  now  a  well  known  and  oft-recorded  fact  that  in  any  rock  mas^ 
where  the  strains  and  stresses  have  beeu  the  most  intense,  there  tL 
micaceous  minerals  are  most  abundant;  and  if  the  rocks  are  orthoclai 
tic  these  will  be  largely  sericite.  Sericitization  is  therefore  a  phenonc 
non  of  dynamic  metamorphism.  It  is  in  a  way,  as  Lelimann  says^ 
retrogressive  metamorphic  process,  since  feldspar  is  by  it  not  form^ 
but  destroyed.  It  is  also  the  most  extreme  manifestation  of  dyna^: 
action  in  orthoclase  rocks  and  may  produce  the  same  result — a  8eri«:3 
schist — from  a  clastic  arkose  on  the  one  hand,  and  from  a  massive  gr' 
ite  or  quartz-porphyry  on  the  other.^ 

In  an  admirable  paper  on  the  paragenesis  of  certain  ore  deposits, 
von  Groddeck  has  shown  that  the  rocks,  heretofore  considered  as  C 
cose,  which  occur  near  Holzappel  and  AYerlau  on  the  Rhine,  at  Mitt 
berg  in  Salzburg  and  at  Agordo  in  the  Venetian  Alps,  are  in  reali 
sericite  schists.    These  he  considers  to  represent  the  extreme  phase 
metamorphism,  in  some  cases  of  an  eruptive  rock  (diabase),  and  in  otln 
cases  of  a  normal  clay  state  or  gray  wacke.*    It  seems  most  probab 
that  these  rocks  owe  their  origin  to  dynamic  agencies,  with  which  tl 
deposition  of  the  ore  also  stands  in  close  relationship. 

The  alteration  of  the  feldspathic  groundmass  of  quartz  porphyri< 
to  muscovite  or  sericite,  especially  where  these  have  been  renderc 
schistose  by  pressure,  is  now  well  known.  In  this  way  porphyroic 
may  be  derived  from  massive  eruptive  rocks.  In  the  more  massif 
quartz  porphyries  studied  by  C.  Schmidt  from  the  central  Alps  ( Win< 
gallen),  sericite  is  met  with  as  an  occasional  pseudomorph  after  tl 
feldspar,  but  in  the  schistose  porphyries  derived  from  the  latter  by  pre 
sure  and  stretching,  this  mineral  is  much  more  abundant ;  so  abundan 
indeed,  as,  in  some  instances,  to  make  up,  along  with  quartz,  the  who 
mass  of  the  rock.' 

■   -  -Ml.-  I  >l  I        I  -       .  I  ■  II 

*Zeit8chr.  Kryst.,  vol.  4, 1880,  p.  — . 

'  UntersucbuDgen  abor  die  Entstehung  der  altkrjstalliniscben  Schiefergesteine.    Bonn,  1884.    Ca 
IX.     Dnickscbieferung  und  Glimraerbildang,  p.  136. 

•Ibid.,  p.  101- 

*ZviT  KenntniBS  einiger  Sericitgesteine,  welcbo  neben  und  in  Brzlagerstatten  anftreten.    Nen 
Jahrbnch  fur  Mineral.,  Boilage-Band  2, 1883,  pp.  72-138. 
*Keaca  Jahrbucb  fur  Mineral,  Beilago-Band  4, 1886,  p.  428. 
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^Alterations  of  titanic  iron. — ^The  element  titanium  exists  in  unaltered 
dlisk1)asesalmost  exclusively  in  combination  with  iron  as  ilmenite  or  as 
1n.t>£^niferous  magnetite.  In  the  processes  of  metamorphism,  however, 
irioas  other  titanium  compounds  are  formed.  The  most  common  phase 
this  change  consists  in  the  development  of  a  gray  rim  around  the 
t;li^  ilmenite  gprains.  This  substance  is  also  often  seen  along  the  rhom- 
i>oliedral  cleavage  cracks  of  the  ilmenite,  giving  rise  to  the  well  known 
ridiron  structure  so  often  figured.^  There  can  be  no  doubt  that  this 
material  is  an  alteration  product  of  the  ilmenite,  although  GUmbel, 
o  gave  it  its  name,  leucoxene^  regarded  it  as  a  parallel  growth  of 


other  mineral.'  Much  diflference  of  opinion  formerlj'  prevailed  in 
to  the  chemical  nature  of  the  leucoxene.  Zirkel  at  first  regarded 
it;  a«  iron  carbonate,^  Cohen  as  titanic  oxide,^  Kosenbusch  as  anatase.^ 
Qiimbel  regarded  it  as  probably  a  titanosilicate,  while  both  Pouqu6* 
Michel-L6vy'  thought  that  it  was  a  form  of  sphene.  The  identity 
both  leucoxene  and  titano-morphite  (another  similar  substance 
•inscribed  by  von  Lasaulx  around  the  rntile  of  an  amphibolite  from 
I^mpersdorf  in  Silesia)'  with  titanite  or  sphene  was  first  conclusively 
Pi-OTed  by  A.  Oathrein  in  1882.» 

The  frequent  passage  of  the  dull  gray  leucoxene  rim  into  clearly  de- 
fined aggregates  and  crystals  of  sphene  is  mentioned  by  Cathrein,^*^  and 
the  origin  of  sphene  by  the  alteration  of  ilmenite  is  also  described  by 
^^.  O.  Br5gger.^'  Fine  examples  of  this  origin  for  sphene  are  also 
^^scjribed  and  figured  in  the  sequel. 

-^natase  has  been  described  as  an  alteration  product  of  ilmenite,  by 
I^iUer.'' 

T*he  rutile  needles  frequently  seen  about  ilmenite,  either  with  or 
itljout  leucoxene,  are  regarded  by  Cathrein  as  an  original  intergrowth 
t;his  mineral  tnth  the  ilmenite.^^    Further  reference  will  be  made 
f^^feafter  to  needles  of  this  character  occurring  in  some  of  the  Menom- 
greenstones. 


'^^T.  Va116c  do  la  Poassin  et  Renard :  Roches  platonionnos  de  la  Belglqne,  elo.,  1874,  VI.  VI,  Figs  31 


32. 

^^sklBoUthische  Eraptirgesteino  dea  FiohtelgobriKes,  Munich,  1874,  p.  35. 
^^^ikrofikopischo  BeschaffeDheit  d.  Min.  n.  Gest,  1873.  p.  409. 
-K'r4aat«mdo  Bemerktingen  z.  d.  Rontenkarte,  o^o.,  1875,  p.  56. 
*^Cikro8.  Phyaiog.,  lat  ed.,  vol.2,  1877,  p.  336. 

^^^crors  de  ColUge  do  France,  1877. 
"*  ^nll.  Soc.  G6ol.  France,  3d  wries,  to1.6,  1878,  p.  IG3. 

^7«ae«  Jahrbach  far  Mineral ,  1879,  p.  568. 
*  2«itBchr.  Kryst.  a.  Min.,  vol.  6. 1882,  p.  244. 
**Xbid. 

^^  ^yt  Mag.  for  Nattirvidenskabeme,  vol.  27, 1884,  p.  359. 

^*  ^euM  Jabrbuoh  fiir  Mineral ,  1883,  vol.  1,  p.  193. 

^  2eit8chr.  Kryst  n.  Min.,  vol.  6,  p.  256. 


CHAPTER  II. 

GREENSTONE  BELTS  OP  THE  MENOMINEE  IRON   DISTRICT. 

INTRODUCTORY  AND  HISTORICAL. 

The  exact  geographical  position  of  the  two  greenstone-schist  areas 
of  the  Menominee  region  are  fully  indicated  in  the  explanatory  and 
historical  note  by  Prof.  Irving  at  the  beginning  of  this  memoir 
and  upon  the  accompanying  geological  map  of  this  district.  (PL  II). 
The  same  note  explains  and  discusses  the  different  views  which  have 
been  held  by  various  geologisto  in  regard  to  the  stratigraphical  position 
of  these  greenstone  schists  in  the  general  succession  of  the  stratiform 
locks  of  the  Menominee  region. 

A  brief  mention  of  the  opinions  which  have  already  been  published 
regarding  the  petrographical  character  of  these  greenstone  schists 
is,  however,  desirable. 

The  first  attempt  to  describe  the  Menominee  greenstones  and  green- 
stone schists  lithologically  was  made  by  Hermann  Gredner  in  1869, 
from  observations  collected  while  he  was  acting  as  assistant  to  Prof. 
Pumpelly  on  a  survey  for  the  Portage  Lake  and  Lake  Superior  Ship 
Canal,  during  the  years  1867-08.^  In  his  first  paper  entitled  Die  vorsi- 
luriachen  Oebilde  der  oberen  Ralbinsel  von  Michigan  in  Hford'AmeHlcaf 
Gredner  gives  a  section  of  the  strata  of  the  Menominee  Iron  Kegion, 
commencing  with  the  oldest  member,  from  which  the  following  is  abbre- 
viated: 

Feet 
a.  Qaartzite 8,000 

h.  Crystalline  dolomitic  limestone 3, 500 

c.  Kedlrouore 600>1,000 

d.  Chlorite  schist 1,000-1; 500 

e.  Clay  slate 8,500 

/.  Chlorite  schist  with  diorite 1,200-1,400 

<7,   ft,  t,  X;.  Talc  schist 150 

h  Dioritic  series 2,300 

m.  Talcose  clay  slate 1,500 

The  members  /  and  I  are  evidently  parts  of  the  same  formation,  in 
which  the  beds  p,  /t,  i,  and  Ic  are  interstratified.  In  bis  description  of 
/,  Gredner  says : 

In  the  upper  horizon  of  this  series  there  occur  beds  of  fine  and  coarse  grained 
diorite  and  aphanite,  varying  iu  thickness  from  ten  feet  to  several  hundred.    These 

»S6e  Geology  of  Michigan,  vol.  1, 1873,  p.  167,  note. 
*Zeit8chr.  Deqtech.  geol.  Qeael|.,  vol.  21, 1809,  pp.  516-554, 
64 
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coDsist  mainly  of  dark  green  hornblende  and  white  or  pale  green  oligoclase, 
rit^lft  which  granular  or  scaly  chlorite  is  often  associated.  Crystals  of  pyrite  and  mag- 
etit>«  are  also  freqaent.  Indications  of  a  lamellar  parting  ary  frequent,  while  rect- 
or rtlar  jointing  is  rare.^ 

Xn.  the  same  article,  in  speaking  of  the  member  Ij  the  author  says :' 

I>ioritic  series  2,300  feet  in  thickness.  Mainly  a  fine  grained  or  aphanitic,  rarely 
a  ooflursely  crystalline  aggregate  of  the  constituents  of  diorite.  Al)  contain  crystals 
ot  pyrite ;  the  aphanite  contains  veins  of  oalcite  and  quartz. ^ 

In  a  second  article  entitled  Ueber  nordamerihanische  Schieferporphy' 
r€nd€j  which  also  deals  with  certain  rocks  exposed  on  the  Menominee 
Ri^er,^  Oredner  unites  his  beds  /and  I  as  *' chlorite  schist  alternating 

with  intercalated  diabase ; "  while  his  g^  hj  f ,  and  k  are  described  as  a 

series  of  <<  porphyroid-schists, "  300  feet  in  thickness,  between  two  beds 

of  diabase. 
In  the  year  1869  the  geological  survey  of  Michigan  was  inangurated 

with  the  iron-bearing  formations  of  the  Upper  Peninsula,  in  charge  of 
Maj.  T.  B.  Brooks.  The  results  of  his  labors  appeared  in  1873,^  accom- 
panied by  two  appendices,  containing  special  petrographical  descrip- 
tioufi  of  the  rocks  collected  by  Julien,*  and  Wright.'  Several  of  the^ 
Menominee  greenstones,  both  massive  and  schistose,  come  within  these 
descriptions,  but  the  descriptions  are  for  the  most  part  vague;  as,  for 
instance  ^'diorite,''  "dioritic  schist,"  "porphyritic  diorite,"  etc. 

In  1874  Major  Brooks  continued  his  studies  of  the  Menominee  region 
nnder  the  auspices  of  the  Wisconsin  Geological  Survey.  The  results 
of  this  work  appeared  in  1879  ^  and  contained  much  more  elaborate 
And  accurate  determinations  of  the  greenstones  and  greenstone  schists. 
Major  Brooks  gives  a  diagram^  to  illustrate  his  general  views  of  the 
observed  transitions  of  greenstones  (believed  to  be  mostly  metamor- 
phosed sediments)  into  related  rocks.  Dr.  Wichmann,  who  furnished 
^be  systematic  petrographical  descriptions  of  these  rocks  in  Brooks's 
report,^®  however,, regarded  these  rocks  as  for  the  most  part  eruptive 
and  to  a  large  extent  as  derived  from  diabase!  Special  reference  will 
be  made  to  the  descriptions  of  Wichmann  and  others  who  have  worked 

'Z«iUchr.  Deatocb.  geol.  Gesell..  vol.  21,  1860,  p.  528. 

^  oberen  Horizonte  dieaer  Scbiohteoreihe  treten  von  10  bin  mebrere  bundert  Fass  mftcbtige  Einla- 

K^mngen  von  feiD-  bis  grobkdmigem  Diorit  sowie  Ton  Apbanit  anf.    Sie  besteben  vorwAliend  aiu 

BQttkelgrftner  Hornblende  und  weiHsem  oder  hellgrllneoi  Oligoklaa,  wozu  aicb  an  manobeu  Pankten 

^1  kornig^ebnpplger  Cblorit  geaellt.    Eioeprenglinge  Ton  Scbwefelkleii  nncl  Magneteiaenstein  sind 

"  ^^^Qbilaflg.    Andentang  von  plattentormiger  Absonderung  iat  gewbhnliob,  qaarderformige  Ab- 

'I>>W.,  p.  629. 

*Dioritiscbe  Gesteinareibe Ton  2,300'  Macbtigkeit.    Vorwaltend  eln  feinkornigea  oder  apbanitlscbea, 
*^t«aerein  grobkryBtalUnischea  Gomengo  dttr  Beatandthoile  dea  Dloritea,  alle  mit  Sohwefelkiea  ein 
^0  'pre&glingen,  die  Apbanite  mit  Scbniiren  von  Ealkapatb  and  Qaarz. 
*  Jfeoe*  Jabrboob  fat  Mineral.,  1870,  pp.  870-984. 

*0«ol. SnrTey  Michigan,  vol.  1,  Upper  Peninaala.    Part  I.    Iron-bearing  rock,  by  T.  B.  Brooks.    1873, 
'Ibid.,  vol.  2,  1873.    Appendix  A.  Litbological  deacriptions,  eto.,  of  299  specimens  of  the  Hnronian 
>  Md  UnrenUan  of  the  Upper  Peuinsala,  by  A.  A.  Julien,  pp.  1-197. 

'Ibid.,  vol.  2,  1873.    Appendix  C.    Microscopic  determinationa  and  descriptions  of  78  specimens  of 
HnroBiau  rocks  and  ores,  by  O.  E.  Wright,  pp.  213-231. 

•Geol.  Wiaconain.  Vol.  3,  1873-1879.    Tho  Geology  of  the  Menominee  Iron  Begion,  Oconto  County, 
^>  T,  B.  Brooka,  pp.  429-683.    Ibid.,  Geo),  Menominee  Region  by  C.  E.  Wright,  pp.  685-741. 
,  *Ibid..5l9.  »Ibid.,pp.  600-«66. 
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upon  the  petrography  of  the  MeDominee  greenstoDes  in  the  coarse  of 
the  following  chapters  of  this  work. 

All  observers  seem  to  be  agreed  that  the  association  of  the  massive 
greenstones  with  those  which  are  more  or  less  perfectly  schistose  is  an 
extremely  intimate  one.  Even  Major  Brooks,  in  spite  of  his  idea  that 
most  of  the  greenstones  are  altered  sediments,  is  constantly  snggesting 
the  possibility  of  a  mechanical  origin  for  the  intercalated  schistose  lay- 
ers.   He  says  ^  of  the  Twin  Falls  exposure : 

This  slaty  material  may  be  simply  a  compacted  form  of  the  pnlverized  greeostone 
produced  at  the  time  of  fissuriog. 

Again,'  in  speaking  of  the  Oommon wealth  and  Eagle  Mine  rocks: 

It  win  be  observed  that  these  rocks  have  some  resemblance  to  cm,  bat  it  is  be- 
lieved that  they  are  associated  schistose  and  altered  varieties  of  the  great  greenstone 
bed  XYIII,  BO  extensively  developed  to  the  north  and  east. 

He  says^  also: 

An  unevenly  splitting,  gray-green  schist  associated  with  greenstones  and  appar- 
ently derived  from  them  by  alteration  of  the  amphibole,  is  included  in  this  family 
[chlorite  schist],  although  its  origin  and  associations  are  widely  different  from  the 
above. 

Again :  * 

One  of  the  largest,  most  generally  distributed,  and  at  the  same  time,  obscure  va- 
rieties embraces  those  chloritic  rocks  that  are  associated  with  greenstones. 

Dr.  C.  Eoininger,  in  his  Report  on  the  Geology  of  the  Menominee 
Iron  Region,^  is  equally  impressed  with  the  close  association  of  the 
massive  and  schistose  varieties  of  the  greenstones.  Like  Brooks,  he 
regards  them  as  of  sedimentary  origin,  and  thinks  that  the  massive 
portions  are  the  result  of  extreme  metamorphism,  having  recryst^Uized 
from  a  partially  fused  state. 

There  seem  to  be  only  three  different  ways  of  explaining  the  facts  as 
they  are  plainly  and  abundantly  manifested  at  each  of  the  several  points 
examined  on  the  Menominee  River. 

We  may  suppose,  as  did  Foster  and  Whitney,  Whittlesey  and  Cred- 
ner,  that  the  schistose  portions  of  the  rocks  exposed  at  these  several 
points  are  more  or  less  perfectly  metamorphosed  sedimentary  material, 
while  the  more  massive  portions  represent  intercalated  beds  of  eruptive 
origin. 

We  may  imagine,  on  the  other  hand,  as  did  Rominger  and  Brooks, 
that  all  of  these  rocks,  including  the  most  schistose  and  the  most  mas- 
sive phases,  are  probably  altered  sedimentaries;  supposing,  with  Romin- 
ger, that  the  more  massive  kinds  are  merely  the  same  sedimentary  mate- 
rial fused  by  the  intensity  of  the  metamorphosing  action  so  as  to  lose  all 
trace  of  the  original  stratification ;  or  admitting,  with  Brooks,  the  possi- 
bility, thoagh  great  improbability,  that  some  of  the  more  massive 
phases  like  the  gabbro  of  Sturgeon  Falls,  are  of  eruptive  origin. 


'  Geol.  WiscoDBin,  vol.  3, 1873-1679.  The  Geology  of  the  Meoominee  Iron  Region,  Ooorets  County,  by 
T.  B.  Brookft,  p.  477. 

>Ibid.,  p.  484.  »Ibid.,  p.  51«. 

Mbid.,  p.  518.  *6eol.  Michigan,  rol.  4.  1881,  p.  209. 
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Finally,  we  may  imagine  that  all  phases  seen  at  these  several  places 
represent  material  of  eruptive  origin  whose  stratiform  structure  is  due 
to  secondary  dynamic  agencies.  This  last  view  has  heretofore  been 
advanced  only  by  Irving,  who,  however,  has  presented  it  very  briefly, 
and  without  descriptions  or  petrographic  proof.^ 

It  is  the  aim  of  the  present  portion  of  this  paper  to  set  forth  all  the 
evidence  that  a  careful  examination  of  these  rocks  can  furnish  as 
to  which  of  these  three  views  best  ^explains  their  true  origin  and  mu- 
tual relations.  This  material  will  first  be  presented  in  the  form  of  a 
detailed  description  of  each  of  the  five  localities  selected  for  this  pur- 
pose on  the  Menominee  Eiver  (see  PI.  II).  The  general  results  thus  se- 
cured will  be  summarized,  in  connection  with  those  obtained  elsewhere, 
in  Chap.  VI.  The  Menominee  localities  will  be  treated  of  in  regular 
order,  commencing  with  the  one  farthest  down  the  river.  Sturgeon  Falls. 

STUHGEON    FALLS. 

Kinds  of  rock. — ^This  e:(posure  is  situated  a  short  distance  below  the 
mouth  of  the  Sturgeon  River,  in  Sec.  27,  T.  39  N.,  R.  29  W.,  Michigan.  Its 
general  topography  may  be  seen  from  the  accompanying  map  (PI.  Ill), 
which  is  copied  from  PI.  I,  in  Major  Brooks's  report  with  double  his  linear 
scale.  Only  the  rocks  exposed  on  the  eastern  or  Michigan  side  of  the 
river  were  examined ;  but  those  opposite  could  be  seen  to  be  of  the 
same  character. 

The  barrier  which  here  forms  the  falls  consists  of  two  belts  of  mas- 
sive rock, /and  A,  between  which  are  softer  schists,  g.  These  are  also 
intercepted  by  a  harder  and  more  massive  band. 

The  massive  rock  is  light  in  color  and  of  a  comparatively  coarse  grain. 
It  is  quite  elaborately  described  iu  Major  Brooks's  report,'  and  desig- 
nated on  the  authority  of  Wapler,  Rutley,  and  Pumpelly  as  a  gabbro. 
Jnlien  also  examined  this  rock,  but  seems  to  have  mistaken  the  diallage 
for  hornblende,  and  the  brown  pleochroic  hornblende  for  biotite.  Rut- 
ley's  opinion  is  given  with  hesitation.  Pumpelly's  description  is  brief 
and  accurate.    He  says  :^ 

Saassarite-gabbro  (or  hornblende  gabbro):  coDtains  saussarite,  diallage,  horn- 
blende. Identical  under  the  microscope  with  the  coarser  crystalline  rock  of  Upper 
Qninneeec  Falls. 

This  rock  was  considered  serpentine  by  Foster  and  Whitney*  and 
was  provisionally  named  «*porphyritic,  speckled  diorite'^  by  Brooks, 
who  separated  it  as  his  Bed  XY  of  the  Huronian. 

The  massive  occurrence  at/ is  represented  by  Nos.  I1I54, 11155,  and 
111625  that  at  *  by  Nos.  11167,  11168, 11169,  and  11170.  Nos.  11156- 
11161,  and  11163-11166  were  collected  from  the  softer  schistose  bands 
atflr. 

These  rocks  are  particularly  noteworthy  as  being  the  only  ones  dis- 
covered on  the  Menominee  Kiver  which  contained  any  trace  of  pyroxene. 

•  Fifth  AnnQAl  Keport  XT.  S.  Geol.  Survey,  p.  l&O.  'Geol.  Wisoonsin,  toL  3,  pp.  456-503. 

IMd*  M  p.  66i.  *  Report  on  the  GeoL  Lake  Superior  Land  Dlstrlot  Plate  2,  p.  25« 
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We  shall  fiud  that  they  agree  perfectly  with  Puinpelly's  description 
above  cited,  the  hornblende  being  in  part  secondary,  and  they  are.hence 
to  be  designated  as  saussurite  'gabbro.  The  least  altered  specimens  were 
found  at  h  (Nos.  11167-11170).  The  rock  at/,  although  essentially  the 
same  as  at  /t,  is  more  changed  atid  somewhat  schistose  along  certain 
bands,  while  some  of  the  specimens  found  at  g  were  clearly  once  the 
same  as  the  others,  but  now  represent  a  third  and  much  more  advanced 
stage  of  alteration.  I  shall  first  describe  these  three  stages  of  the 
undoubted  gabbro,  and  then  trac«  their  relation  to  the  intermediate 
schists. 

Samaurite-gahhro  (first  stage). — The  color  of  this  rock  iu  the  hand, 
specimen  is  rather  light.  On  a  fresh  fracture  it  shows  a  finely  mottled 
structure  of  white  and  dark  greenish -gray.  Examined  with  a  pocket- 
lens,  the  mottling  is  seen  to  be  due  to  two  minerals.  One  of  these  is 
opaque  white,  sometimes  tinged  with  green,  and  only  rarely  exhibits 
the  glistening  cleavage  surface  of  feldspar.  The  darker  mineral  has  a 
brownish  color  and  almost  a  metallic  luster  on  its  cleavage  surtiice.  It 
is,  however,  always  tinged  with  green  on  account  of  incipient  altera- 
tion. 

^  No  other  constituents  are  microscopically  visible.  The  structure  of 
the  rock  is  irregularly  granular.  The  grain  is  as  a  rule  moderately  fine 
but  is  subject  to  sudden  local  variation  which  develops  comparatively 
coarse-grained  patches  in  the  main  mass. 

Of  this  freshest  type  of  the  gabbro  four  thin  sections  were  studied, 
viz,  11167, 11167%  11168  and  11170.  All  show  profound  alteration  iu 
the  original  constituents,  due  to  dynamic  processes.  These  are,  how- 
ever, most  intense  in  No.  11167,  which  has  been  subjected  to  such  great 
pressure  as  to  present  a  transition  form  to  the  second  stage  of  this 
gabbro.  Nos.  11167%  11168,  and  11170,  are  practically  identical  and 
may  be  described  together. 

Under  the  microscope  this  rock  is  seen  to  be  composed  of  plagioclase, 
almost  wholly  altered  to  a  gray  and  opaqne  saussurite;  diallage,  of  a 
very  light  gray  color ;  hornblende,  partly  original,  partly  secondary,  lind 
a  little  tit;anic  iron  (iimenite).  Certain  alteration  products,  like  quartz, 
calcite,  and  a  colorless  chlorite,  are  also  present  in  varying  quantity. 

The  feldspar  has  no  crystal  form  of  its  own  (i.  e.,  it  is  allotriomor- 
phous,  iu  the  sense  of  Eosenbusch).  It  seems  to  have  crystallized  sim- 
ultaneously with  the  diallage,  or  if  anything  later.  It  is  hardly  ever 
so  unaltered  as  to  present  its  original  twinning-lamella^,  but  when  this 
is  the  case  the  high  extinction  angles  and  brilliant  interference  colors 
observed  indicate  a  basic  feldspar.  No  further  determinations  could  be 
made  on  this  mineral  because  of  its  almost  complete  alteration  to  a 
dull  opaque  white  saussurite.  Even  iu  the  thinnest  sections  this  sub- 
stance remains  opaque  for  the  lower  powers  of  the  microscope,  being 
composed  of  such  fine  grains  that  It  must  be  highly  magnified  before  it 
can  be  resolved,    Under  higher  powers,  however,  it  is  seen  to  be  made 
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The  diallage  of  these  rocks  is  quite  colorless  when  seen  in  a  thin  sec- 
tion, although  in  the  form  of  powder  it  is  a  light  grayish  green.  The 
prismatic  cleavage  is  well  developed,  but  not  as  much  so  as  the  very 
perfect  parting  parallel  to  the  orthopinacoid,  which  is  the  characteris- 
tic feature  of  diallage  (PL  VIII,  fig.  1).  The  extinction  angle  was  found 
to  be  as  great  as  35^  in  the  prismatic  zone.  The  plane  of  the  optic 
axes  is  perpendicular  to  the  orthopiuacoidal  parting,  and  a  single  axis 
appears  in  such  sections  as  show  a  prismatic  angle  of  nearly  d(P.  This 
diallage  is  very  sensitive  to  the  action  of  pressure  and  is  frequently 
much  bent  and  twisted.  The  mineral  is  sometimes  separated  along 
cleavage  cracks,  the  interstices  being  filled  with  a  colorless,  isotropic 
alteration  product,  which  is  probably  some  variety  of  chlorite.  This 
substance  becomes  much  more  abundant  in  the  more  altered  forms  of 
this  rock  and  will  be  again  mentioned.  The  diallage  is  also  often  trav- 
ersed by  veins  filled  with  clear  quartz. 


Fig.  6 — Laxf^  crystal  of  zoisite  in  saussarite  Fia.  7.— Border  of  both  compact  and  fibrooa 
of  No.  11167.  Altered  gabbro  from  Stcrgeon  hornblende  aroand  diallage  in  tbe  Stnrgeon 
Falls.    Magnified  350  diameters.  Falls  gabbro  (No.  1167*).    Magnified  180  diame- 

ters. 

The  hornblende  is  an  important  and  constant  constituent  of  the 
Sturgeon  Falls  gabbro.  It  is  for  the  most  part  compact,  and  brown  in 
color,  having  the  usual  pleochroism.  More  rarely  it  is  green,  or  ap- 
parently bleached  to  a  lighter  shade  of  brown.  In  a  few  instances 
this  latter  process  has  been  carried  so  far  as  to  make  it  quite  colorless. 
The  hornblende  is  in  all  cases  most  intimately  associated  with  the  dial- 
lage. At  times  it  forms  a  continuous  border  of  varying  width  around 
the  diallage  crystal,  and  in  other  instances  it  penetrates  the  latter 
mineral  in  irregular  areas  ( see  PL  VIII.  fig.  1).  In  some  cases  a  deli- 
cate fringe  of  minute,  colorless  hornblende  fibers  is  seen  to  lie  on  the 
outer  side  of  the  compact  hornblende  border  and  penetrate  the  saus- 
surite  substance  (see  Fig.  7).  This  is  the  same  phenomenon  that  has 
recently  been  described  by  Lessen.^ 

*Stadien  an  metamorphischen  Eruptiv-  nnd  Sedimentgesteine,  etc.,  of.  Jahrbaoh  preass.  geol.  Land* 
esanstalt  far.  188i,  p.  543,  PI.  xxix,  fig.  2.  (Cf.  Van  Hise:  Am.  Jonr.  Soi.,  3d  series,  vol.  83. 1887,  ppi 
885  et  seq. 
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It  is  impossible  to  say  with  certainty  what  the  origin  of  the  com- 
pact brown  hornblende  is.  It  may  be  an  original  product  of  crystal- 
lization in  the  magma,  bat  its  mode  of  occurrence  and  its  general 
character  indicate  that  it  is  probably  of  secondary  origin,  having 
originated  by  paramorphism  of  the  diallage,  as  has  been  shown  by  my- 
self^ and  by  Lossen^  to  be  sometimes  the  case. 

Ko  other  constituents  are  important  in  this  rock.  Iron  in  any  form 
seems  to  be  quite  rare  in  it.  Occasional  cloudy  grains,  resembling 
leucoxene,  may  represent  some  original  ilmenite,  while  minute  crystals 
of  pyrite  are  still  rarer. 

The  structure  of  the  rook  seems  to  be  irregularly  granular;  none  of 
the  components  being  in  any  degree  idiomorphic.  Frequent  and 
abrupt  changes  in  the  coarseness  of  the  grain  are  observable. 

All  specimens  show  the  action  of  dynamic  forces  which  have  more  or 
less  profoundly  affected  the  different  constituents.  These  effects  are 
particularly  noticeable  in  slide  No.  11167.  Here  the  rock  seems  in 
places  to  have  been  crushed  and  a  mosaic  of  the  component  minerals 
to  have  been  formed.  Hornblende,  generally  colorless,  is  unusually 
abundant.  Colorless  chlorite  and  zoisite  are  also  developed,  and  all  are 
mixed  indiscriminately.  In  one  part  of  the  section  a  vein  is  s^en  to 
traverse  the  rock.  This  is  filled  with  limpid  quartz  in  long,  wedge- 
shaped  areas,  which  extend  from  one  side  of  the  small  fissure  to  the 
other.  This  quartz  is  traversed  by 
long,  colorless  fibers  of  the  greatest 
delicacy,  and  it  also  contains  a  good 
deal  of  the  colorless  chlorite,  both  in 
solid  masses  and  in  those  peculiar 
vermicular  groups  to  which  Volger 
has  given  the  name.helminth.  These 
carious  groups,  which  resemble  piles 
of  little  coins,  are  sometimes  straight, 
sometimes  curved.  They  are  so  mi- 
nate  as  to  be  visible  only  with  a  high 
magnifying  power.  Fig.  8  represents 
them  as  they  appear  when  magnified 
350  diameters.  Exactly  the  same  min- 
eral has  been  described  in  the  sec- 
ondary quartz  of  diabase  by  Mohl,^  von  Lasaulx,*  and  Schenck;*  and 
in  that  of  «chalstein  and  syenite  by  Hussak.^ 

Sau88urite  gabbro  (second  «ea<7C).-— Representatives  of  this  type  are 
found  at  the  lower  end  of  the  falls,  at  /  on  Major  Brooks's  map,  and 

» Am.  Jour.  ScL  3d  series,  vol.  28,  Oct.,  1884,  p.  262. 

*ei.  Jahrbuoh  preoss.  geol.  Landesanatalt  ftir  1883,  p.  632. 

'Neves  Jahrbucli  fiir  Mineral.,  1875,  p.  710. 

*Verh.  d.  naturh.  Vereins  d.  preuss  Rhelnl.  u.  Westf.,  1878,  p.  216. 

*  Inaujcaral-Dissertation.    Bonn,  1884,  p.  22. 

•Tschermak's  mineral,  u.  petrog.  MittheU.,  vol.  1,  1878,  p.  275. 


Fig.  8.— Yermionlar  chlorite  (helminth)  in 
qaartz.  Vein  in  altered  gabbro,  Sturgeon 
Falls. 
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at  his  e,  at  the  lower  end  of  the  basin  belpw  the  falls.  Nos.  11153  and 
11151",  from  these  two  localities,  are  identical  in  mineral  composition 
with  the  rocks  of  the  first  type  above  described.  They  are  of  a  dirty 
greenish  gray  color  and  indications  of  a  schistose  structure  have  already 
begun  to  appear  in  them.  Under  the  microscope  they  disclose  the 
same  constituent  minerals  as  the  rocks  of  the  first  type;  nor  are  these 
minerals  much  more  altered,  but  they  show  the  effects  of  a  profound 
mechanical  action.  The  feldspar  is  remarkably  fresh  and  its  twinning 
lamellae  are  quite  distinct,  but  it  is  everywhere  crushed,  broken,  and 
faulted.  The  crystals  are  oft^en  plainly  seen  to  be  separated  into  a 
number  of  fragments  which  are  removed  a  considerable  distance  from 
one  another.  Frequently  a  fine  grained  mosaic  has  been  formed  by 
the  crushing  of  the  larger  feldspar  crystals.  In  other  cases  (especially 
in  section  11154)  the  feldspar  is  not  so  much  broken,  but  it  is  altered 
around  its  edge  to  an  opaque,  gray  saussuritic  mass,  while  its  interior  is 
hardly  changed.  (See  PI.  VIII,  fig.  2).  The  diailage  is  more  altered 
than  in  the  rocks  last  described,  although  it  can  still  be  seen  to  belong 
to  the  same  species.  The  crystals  are  very  much  bent  and  twisted  and 
frequently  so  changed  to  the  light-colored  chlorite  that  only  a  few 
minute  remnants  of  the  brightly  polarizing  mineral  remain  in  this 
nearly  isotropic  base.  (See  PI.  VIII,  fig.  2.)  Fibrous  hornblende  now 
becomes  more  abundant  than  the  compact,  and  leucoxene  patches  are 
seen  at  intervals. 

Kos.  11162,  from  the  upper  part  of  the  point  /,  and  11172  from  above 
the  falls  at  n,  present  interesting  varieties  of  this  rock.  They  do  not 
show  the  effects  of  crushing  to  such  a  degree  as  do  those  just  described. 
Indeed  the  original  structure  of  the  rock  seems  well  preserved,  although 
the  feldspar  is  almost  completely  changed  to  a  fine  grained,  nearly 
opaque  saussurite,  and  every  trace  of  the  pyroxene  (diailage)  has  dis- 
appeared. A  pale  green,  fibrous  hornblende  occupies  the  place  of  this 
mineral,  and  there  seems  to  be  every  reason  for  regarding  it  as  derived 
from  the  diailage;  although  in  l^o.  11172  the  abundant  remains  of  a 
compact,  brown  hornblende,  evidently  in  the  process  of  changing  to 
the  fibrous  modification,  suggests  the  possibility  of  this  mineral  having 
been  the  original  bisilicate  constituent.  Still  there  is  no  warrant  for 
assuming  that  what  is  essentially  a  diailage  rockmass  was  locally  de- 
veloped as  a  hornblendic  rock ;  and  it  may  be  that  this  is  an  instance 
of  a  remarkable  passage  of  a  pyroxene  through  a  compa<:t  into  a  fibrous 
hornblende^  for  which  we  shall  find  much  evidence  in  the  studies  that 
follow. 

Saussurite  gabbro  (third  stage). — ^As  has  been  already  remarked  and  as 
may  be  seen  on  the  map  of  Sturgeon  Falls  (PI.  Ill),  there  is,  between 
the  two  points  of  the  more  massive  rock,  h  and/,  an  area  </,  composed 
of  softer  schists.  These  are  easily  eroded  and  have  thus  occasioned  the 
small  bay.    The  passage  from  the  fresh  and  massive  gabbro  at  h  into 
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these  schists  seems  to  be  a  gradad,!  one.  Along  the  lower  side  of  h 
there  are  rocks  which  are  without  doubt  essentially  the  same  as  those 
above  described  from  this  point  bat  which  have  been  profoundly  altered 
by  dynamic  action,  which  has  also  occasioned  considerable  chemical 
changes.  These  rocks,  while  they  show  remains  ot  their  original  min- 
erals, have  become  decidedly  schistose ;  Siud  b^^  the  alteration  in  their 
composition,  they  have  developed  certain  other  points  of  similarity 
with  the  schists  at  (/,  into  which  they  appear  gradually  to  pass.  For 
this  reason  they  have  been  selected  to  represent  the  third  and  most 
altered  stage  of  the  gabbro  in  which  any  sure  signs  of  the  original 
character  of  the  rock  still  remain ;  at  the  same  time  they  possess  even 
more  ot  the  characters  belonging  to  the  schists,  and  thus  afford  jiist 
the  evidence  desired  that  the  latter  are  the  extremely  modified  form  of 
the  massive  rock. 

ISo,  11166  is  only  indistinctly  schistose,  showing  a  sofb  grayish  green 
matrix  in  which  are  imbedded  altered  grains  of  a  reddish  feldspar. 
Under  the  microscope  the  original  coarsely  granular  structure  of  the 
rock  may  still  be  made  out.  Large  but  much  broken  areas  of  feldspar 
may  be  clearly  seen  where  but  very  little  of  the  unaltered  substance 
remains.  For  the  most  part  this  has  been  changed  to  an  aggregate  of 
calcite  and  minute,  brightly  polarizing  needles  or  plates  of  a  colorless 
micaceous  mineral  (probably  sericite)  along  with  occasional  areas  of 
secondary  quartz.  What  was  once  the  pyroxene  or  hornblende  is  now 
a  colorless  or  extremely  pale  green,  scaly  mineral  which  an  examination 
shows  to  be  chlorite.  Between  crossed  nicols  it  is  isotropic  or  very 
feebly  polarizing.  It  was  separated  by  the  Thoulet  solution  from  the 
slightly  heavier  feldspar  and  as  a  powder  appears  pale  green.  In  a 
closed  tube  it  gives  off  water  abundantly  and  becomes  dark.  With  hot 
salphnric  acid  it  decomposes  and  gelatinizes  immediately;  with  hydro- 
chloric acid  it  decomposes  slowly,  giving  a  somewhat  yellowish  solution, 
from  which  ammonium-hydroxide  precipitates  alumina  abundantly. 
There  can  therefore  be  no  doubt  that  this  mineral  is  a  chlorite  very  poor 
in  iron,  like  the  nearly  colorless  pyroxene  from  which  it  is  derived. 
Areas  of  leucoxene  are  also  common  through  this  rock. 

'So.  11165,  taken  from  a  place  only  a  foot  or  two  below  the  last  and 
undoubtedly  continuous  with  it,  is  decidedly  more  schistose.  Under 
the  microscope  the  minerals  are  essentially  the  same  as  in  the  last 
specimen,  but  the  mechanical  effects  here  exhibited  are  much  more 
intense.  The  feldspar  and  the  diallage  are  still  recognizable,  but  the 
colorless  chlorite  is  much  more  abundant  than  in  any  specimen  before 
described.  The  feldspar  areas  have  a  brownish  color,  even  in  the  thin 
section  and  they  are  pulled  and  torn  asunder  in  a  remarkable  man- 
ner. Individuals  are  often  pulled  out  into  more  than  twice  their  orig- 
inal length,  the  separation  taking  place  along  a  series  of  interlacing 
cracks  which  run  approximately  perpendicular  to  the  schistose  structure 
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of  the  rock.  The  spaces  between  the  separated  fragments  are  filled 
with  the  ehloritic  mineral.  This  rock  shows  every  indication  of  having 
been  enormously  stretched  and  this  process,  along  with  attendant 
chemical  changes,  has  induced  its  schistose  structure.  Although  it 
shows  under  the  microscope  traces  of  the  original  gabbro  structare  and 
of  the  original  gabbro  minerals,  no  one -would  hesitate  from  a  micro- 
scopical examination  to  class  it  with  the  schists. 

The  schists  above  mentioned  as  occurring  between  the  two  masses 
of  typical  gabbro,  h  and/,  at  the  Sturgeon  Falls,  possess  an  important 
relationship  to  these  rocks.  Taken  by  themselves,  they  offer  as  rep- 
resentative examples  of  fissile,  silky,  hydro-mica  or  sericite  schists  as 
could  anywhere  be  found,  and  yet  this  narrow  band  presents  such  a 
complete  series  of  transition  forms  that  their  origin  as  derivatives  of 
the  massive  rock  cannot  be  doubted.  In  fact,  two  such  series  were 
traced  out  in  detail.  One  of  these  was  collected  on  the  lower  side  of 
h  and  represents  the  passage  of  the  least  altered  and  most  massive 
gabbro  into  the  typical  schist,  and  the  other  was  obtained  near  the 
center  of  the  schist  band  where  a  narrow  strip  of  the  rock  has  hap- 
pily been  preserved  from  the  extremest  alteration  and  plainly 
shows  its  identity  with  the  gabbro  proper.  This  narrow  layer,  rep- 
resented on  the  map  at  ^,  is  of  great  value  in  conclusively  proving  the 
origin  of  the  schists  in  the  midst  of  which  it  lies  and  into  which  it 
passes  on  both  sides. 

No.  IIKK),  from  this  locality  (g),  was  classified  in  the  field-notes  with 
the  schists,  and  regarded  as  only  a  harder  and  more  slaty  form  of  these. 
Indeed,  this  rock  is  very  schistose,  cleaving  readily  in  a  direction  par- 
allel to  the  foliation  of  the  more  fissile  schists.  Under  the  microscope, 
however,  an  original  gabbro  structure  is  still  distinctly  seen.  Triclinic 
feldspar,  in  broken  and  bent  crystals,  is  plainly  visible,  while  the  other 
constituents  have  passed  into  colorless  chlorite,  quartz  and  calcite. 
The  feldspar  itself  is  mostly  altered  into  the  same  compounds,  though 
its  form  and  occasionally  its  twinning  striae  are  still  preserved. 

No.  11161  is  a  hard,  greenish  slate,  occurring  beside  the  last  described 
rock.  Under  the  microscope,  in  ordinary  light,  crystal  forms  are  seen 
outlined  in  a  dark  color,  the  matrix  being  colorless.  In  polarized  light, 
however,  these  are  no  longer  visible,  and  there  is  only  a  fine  grained 
and  schistose  aggregate  of  colorless  chlorite,  quartz  and  calcite. 

Nos.  11159  and  11158,  collected  just  below  the  last,  are  typical  schists 
of  a  light  gray  color  and  somewhat  greasy  feel.  They  contain  just  the 
same  minerals  as  the  rocks  last  described,  but  here  every  trace  of  orig- 
inal structure  has  disappeared.  There  is  no  indication  of  the  form  of 
any  earlier  constituents,  but  those  now  present  are  arranged  in  a  finely 
parallel  mosaic  of  somewhat  varying  grain.  Calcite  is  much  more 
abundant  than  in  the  previous  instances.  Indeed,  in  No.  11158  this 
mineral  makes  up  a  large  share  of  the  rock. 

The  other  series  of  transition  forms  between  the  gabbro  and  the 
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schists  occors  on  the  lower  side  of  the  gabbro  mass  h.  This  series  em- 
braces the  specimens  of  the  first,  secoDd,  anxl  third  stages  of  the  gabbro 
akeady  described  from  this  exposure,  and  terminates  with  two  speci- 
mens of  schist,  Nos.  11163  and  11164.  Any  sharp  line  of  demarkation 
between  the  t:^pical  and  massive  sanssarite-gabbroat  ^^and  the  fissile, 
silvery  schists,  apparently  so  dififerent,  lying  below  it,  was  sought  long 
and  carefully,  but  in  vain.  In  fact  no  snch  line  exists,  and  if  one  were 
to  be  drs  wn  it  mnst  be  drawn  arbitrarily.  The  rocks  already  described 
from  this  locality,  as  specimens  of  the  gabbro  in  the  third  stage  show 
this.  No.  11165  is  entered  in  the  field-notes  as  belonging  to  the 
schists,  bnt  microscopical  examination  shows  it  to  be  even  more  closely 
allied  than  the  almost  massive  No.  11166,  to  the  gabbro.  Traces  of  the 
original  components  and  structure  are  by  no  means  rarest  in  those 
rocks  which  appear  macroscopically  to  have  suffered  the  most  profound 
alteration. 

Nos.  11164  and  11163  are  light  gray,  silvery  schists,  with  a  somewhat 
greasy  feel;  snch  in  fact  as  might  ordinarily  be  classed  as  sericite  or 
hydro-mica  schists.  Their  lamination,  however,  is  not  in  the  least  regu- 
lar, but  nndnlatory,  and  there  is  a  tendency  to  cleavage  not  so  much 
along  a  single  plane  as  in  almost  any  plane  parallel  to  a  line.  In  other 
words,  these  rocks  have  a  well  marked  dip,  but  hardly  any  determina- 
ble strike.  In  11164  especially,  there  is  noticeable  a  jointing  trans- 
verse to  the  strike,  and  these  joint  planes  often  gap  open  into  wide,  len- 
ticular seams,  as  though  the  rock  had  been  stretched  in  the  direction 
of  its  strike. 

Under  the  microscope  these  rocks  are  seen  to  be  mostly  composed  of 
the  nearly  colorless  chlorite,  calcite,  and  a  little  secondary  quartz. 
These  minerals  are  interlaced  in  narrow,  wavy  bands,  producing  what 
may  be  called  after  the  German  idiom,  along  ^^micro-flaser"  structure. 
But  even  here  every  trace  of  the  original  constituents  has  not  yet  dis- 
appeared. Occasional  battered  and  broken  feldspar  remnants  are  en- 
countered, with  their  fragments  widely  separated,  and  for  the  most  part 
changed  to  sericite  or  calcite.  Around  these  curve  and  twist  the  silky 
chlorite  bands  developing  a  sort  of  '<  Augen"  structure,  which  may  be 
best  seen  by  examining  a  section  with  an  ordinary  pocket  lens.  The 
areas  of  leucoxene  also,  before  observed,  are  not  lacking  here,  but 
these  are  pulled  out  in  the  direction  of  the  schistose  structure,  un- 
til a  single  one  may  be  followed  nearly  across  an  entire  section.  The 
btsilicates  have  evidently  all  passed  in];o  the  colorless  chlorite,  and  this 
mineral  on  account  of  its  pliability*  has  easily  accommodated  itself  to 
the  circumstances,  and  has  developed  the  pronounced  schistose  struct- 
ure which  is  now  the  most  important  feature  of  the  rock. 

These  rocks  are  schists,  indeed,  of  the  most  characteristic  type,  but 
in  the  light  of  their  field  relations  and  still  more  from  the  evidence 
which  a  microscopical  study  of  the  whole  series  has  afforded,  it  is  evi- 
dent that  they  represent  the  most  altered  form  of  the  massive  gabbro, 
between  two  areas  of  which  they  are  included. 
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Ch^emical  analyses, — ^In  order  to  ascertain  what  changes  have  1 
place  in  the  chemical  composition  of  the  Sturgeon  Falls  gabbro  d( 
the  process  of  its  alteration  into  the  schists,  the  following  analyt 
specimens  illustrating  three  successive  stages  of  the  alteration 
made  by  Mr.  B.  B.  Biggs : 


SiO,.. 

A1,0, 

Fe,Ot 

FeO.. 

CaO.. 

MgO. 

N%0. 

K,0.. 

H,0.. 

CO,.. 


Total 


51.46 

14.3$ 

3.00 

5.28 

9.08 

9.54 

2.92 

.24 

8.30 

.20 


100.27 


11. 


3&05 

24.73 

5.65 

6.08 

1.25 

11.58 

2.54 

1.94 

7.53 

.93 


100.28 


m. 


45.70 
16.53 
4.63 
3.89 
4.28 
9.57 
.55 
3.82 
4.70 
5.95 


99.62 


Rook  powder  dried  at  105^  C. 

-     I.  No.  11170,  freshest  gabbro  from  the  point  h. 

II.  No.  11166,  gabbro  In  third  stage  from  the  south  side  of  A. 
III.  No.  11164,  silvery  schist  from  between  g  and  h. 

At  first  glance  these  analyses  seem  to  present  a  curious  anoi 
The  intermediate  rock,  No.  11166,  appears  to  differ  more  from  the 
inal  type  than  the  most  altered  specimen,  No.  11164.  A  closer  e 
ination,  however,  shows  that  the  nature  of  the  chemical  processes  t 
have  gone  on  in  the  two  cases  is  essentially  different.  In  the  first 
No.  11166,  this  has  been  chiefly  chloritization,  while  in  the  second 
No.  11164,  the  chloritization  has  been  less,  but  sericitization  and 
bonatization  have  also  been  extensive. 

The  abundance  of  the  colorless  chlorite,  above  described  as  pr 
in  No.  11166,  here  manifests  itself  in  the  very  low  percentage  of  i 
and  in  the  correspondingly  high  percentage  of  alumina,  together 
the  increase  of  both  magnesia  and  water.  The  iron  is  nnusuall; 
in  this  chlorite  because  it  did  not  exist  in  the  mother  rock ;  still 
has  been  a  gain  rather  than  a  loss  of  this  ingredient.  The  lim 
here  been  to  a  great  extent  removed,  presumably  in  the  form  o 
soluble  bicarbonate,  while  the  slight  sericitization,  above  mention 
the  description  of  this  rock,  is  indicated  by  the  increase  of  the  po 

In  the  analysis  of  No.  11161,  the  less  extent  of  the  chloritizati 
shown  by  the  less,  although  proportionate,  increase  of  alumina 
water  and  decrease  of  silica,  while  the  iron  and  magnesia  remain  { 
the  same  as  in  the  mother  rock.  Here  the  lime  has  been  part 
moved  as  before  and  partly  retained  as  calcite,  visible  every\ 
through  the  rock  and  indicated  in  the  analysis  by  the  5.95  per  cc 
GOa.  The  sericitization,  so  apparent  under  the  microscope,  is 
shown  by  the  great  increase  in  potash  and  the  exchange  of  the 
for  potash. 


witUAiis.]  LOWER   QUINNfiSEC   GREENSTONE.  77 

LOWER  OR  LITTLE  QUINNESEO  FALLS. 

The  rock  ex|x>8ure  of  Lower  Qainneseo  Falls  is  not  conflned  to  (he 
immediate  vicinity  of  the  falls  but  it  extends,  especially  on  the  left 
bank  of  the  river,  for  a  considerable  distance  below.  This  portion 
forma  a  high,  abrnpt  and  homogeneous  ridge,  of  uniform  composition 
and  structure,  the  description  of  which  may  be  advantageously  sepa- 
rated from  that  of  the  rock's  occurring  immediately  at  the  falls. 

We  shall,  therefore,  consider  under  two  successive  heads : 

(U  The  greenstones  of  the  so-called  "  Oabbro  Bidge^^  of  Major  Brooks. 

(2)  The  greenstones  of  the  Lower  Quiunesec  Falls. 

Qreenstones  of  the  so-called  ^^ Oabbro  Ridge^  of  Major  Brooks. — For  a 
mile  below  Lower  Quinuesec  Falls,  the  north  bank  of  the  river  is  skirted 
by  an  almost  perpendicular  wall  of  massive  greenstone.  This  wall  is 
sometimes  over  a  hundred  feet  in  height,  and  has  every  api)earance  of 
being  a  great  dike.  Although  for  the  most  part  it  is  quite  massive,  it 
presents  frequent  and  very  instructive  evidence  of  the  effect  of  great 
pressure  upon  it.  It  is  seamed  and  gashed,  broken  and  torn,  and  con- 
tains schistose  bands  of  varying  width.  Since  the  continuity  of  these 
bauds  with  the  massive  rock  is  established,  their  study  is  calculated 
to  throw  light  on  the  subject  of  dynamical  metamorphism. 

Major  Brooks  designated  the  rock  which  composes  this  ridge  as  a 
"massive  gabbro,'^  and  correllated  it  with  the  above-described  saussu- 
ritegabbro  of  Sturgeon  Falls.  My  studies  have,  however,  failed  to 
disclose  in  this  rock  any  trace  of  pyroxene.  In  addition  to  its  feld- 
spathic  constituent,  which  is  generally  altered  to  saussurite,  it  contains 
in  abundance  that  peculiar  pale  green  and  more  or  less  fibrous  variety 
of  hornblende  which  is  quite  universally  conceded  to  be  of  secondary  ori- 
gin. What  the  primary  form  of  all  this  green  hornblende  was,  it  is  now 
impossible  to  ascertain  with  certainty.  It  is  of  a  kind  well  known  to 
originate  from  the  alteration  of  pyroxene.  The  rock  as  a  whole  also 
bears  decidedly  the  character  of  a  diabase  or  pyroxene  rock;  and  yet, 
not  a  trace  of  pyroxene  has  been  discovered  in  any  of  the  Menominee 
River  greendtones,  if  we  except  the  light  colored  diallage  of  the  Stur- 
geon Falls  gabbro.  Whenever  the  pale  green  hornblende  can  be  traced 
back  to  an  original  form,  it  is  seen  to  be  derived  from  a  compact 
brown  or  basaltic  hornblende.  This  fact  was  substantiated  not  merely 
for  the  rock  composing  the  ridge  here  under  discussion,  but  it  is  also 
trae  for  the  several  other  localities  examined  on  the  river. 

This  brown  hornblende  is  seen  first  to  turn  green  by  a  reduction  of 
its  iron  to  the  ferrous  state,  or  to  become  bleached  by  loss  of  its  iron, 
and  finally  to  break  up  into  an  aggregate  of  fine  hornblende  needles 
exactly  similar  to  that  commonly  formed  by  the  alteration  of  pyroxene 
tonrali^e. 

It  is,  of  course,  impossible  to  prove  that  some  of  the  secondary  fibrous 
.hornblende  has  not  been  derived  from  pyroxene.  Indeed,  it  seems  very 
probable  that  both  augite  and  compact,  brown  hornblende  may  have 
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existed  side  by  side  as  original  constituents  of  the  rock,  and  that  both 
finely  siiccambed  to  the  same  process  of  alteration,  althongh  the  horn* 
blende  resisted  this  mach  longer  than  the  augite.  Sach,  in  point  of 
fact,  has  elsewhere  been  observed  to  be  the  case  where  both  minerals 
have  undergone  uralitization  in  the  same  rock  ;^  and  this  would  account 
for  the  frequent  survival  of  brown  hornblende  cores  where  every  trace 
of  pyroxene  had  disappeared. 

If  this  is  not  the  true  explanation  of  the  genesis  of  these  rocks,  there 
are  but  two  other  hypotheses  possible — either  that  the  original  rock 
contained  no  pyroxene,  but  was  a  diorite,  composed  of  plagioclase  and 
brown  hornblende ;  or,  that  the  pyroxene  has  passed  into  uralite  through 
an  intermediate  compact,  brown  hornblende.  Opposed  to  the  first  of 
these  suppositions  is  the  structure  of  the  rock,  which  is  diabasic  rather 
than  dioritic.  On  the  other  hand,  considerable  evidence  afforded  by 
various  of  the  Menominee  rocks,  as  well  as  observations  made  elsewhere 
by  the  writer'  and  by  Lessen,^  indicate  that  the  latter  hypothesis  may 
possibly  be  true.  Inasmuch,  however,  as  the  rocks  here  under  discuss- 
ion afford  no  trace  of  pyroxene,  it  hardly  seems  justifiable  to  call  them 
anything  but  diorite.  We  shall  encounter  still  more  distinct  examples 
of  this  type  farther  up  the  river. 

All  the  specimens  collected  from  this  greenstone  ridge  show  an 
advanced  stage  of  alteration.  Some  obtained  from  the  western  ex- 
tremity of  the  ridge,  near  the  Michigan  bank  of  Lower  Quinnesec 
Falls,  have  a  coarsely  porphyritic  structure,  and  are  among  the  freshest 
specimens  that  were  procured.  This  variety  of  the  rock  is  represented 
by  Nos.  11034, 11035,  and  11098.  Of  these  the  last  is  perhaps  the  most 
typical.  To  the  unaided  eye  it  shows  a  light  greenish  gray  matrix, 
thickly  studded  with  irregularly  shaped  crystals  of  opaque  white  feld- 
spar (saussurite)  from  one-half  centimeter  to  two  centimeters  in  diame- 
ter. A  closer  examination  reveals  many  brightly  reflecting  cleavage 
surfaces  of  another  and  darker  mineral.  These  are  of  about  the  same 
size  as  the  feldspar  crystals,  but  their  continuity  is  interrupted  by  small 
opaque  spots,  which  produce  the  mottled  structure  recently  termed  by 
the  writer  pcecilitic.^  The  color  of  these  cleavage  surfaces,  which  with 
the  aid  of  the  microscope  are  found  to  belong  to  large  individuals  of  a 
somewhat  altered  hornblende,  is  so  nearly  like  that  of  the  groundmass 
of  the  rock  that  unless  their  reflection  is  caught  in  just  the  right  light 
they  escape  detection. 

The  large  porphyritic  crystals  of  feldspar  are  almost  wholly  changed 
to  saussurite.  This  has  a  dull  gray  color,  and  is  nearly  opaque  even  in 
the  thinnest  sections.  A  high  magnifying  power  resolves  it  into  an  ag- 
gregate of  minute  zoisite  needles.  Curiously  enough,  these  feldspar  crys- 
tals show  a  clear  zone  of  unaltered  substance  around  their  outer  edge. 

»  Bull.  T7.  S.  Geol.  Survey,  No.  28,  p.  45. 

*Am.  Juur.  Sci.,  3d  Beries.  vol.  28,  p.  202,  Oct,  1884. 

*  Jnbrbneh  preufls.  geol.  LandeAaastalt  fiir  1883,  p.  682,  Berlin,  1885. 

*  From  TouciAof ,  mottled.    See  A.m.  Jour.  Sol.,  3d  series  1886,  voL  81,  p.  30. 
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Th^  fresh  and  finely  striated  portion  presents  a  striking  contrast  to  the 
dall  gtskj  saussurite,  and  it  is  difficult  to  imagine  how  it  has  so  com- 
pletely escaped  the  alteration  which  has  attacked  the  rest  of  the  crys- 
tal, unless  it  is  the  product  of  a  more  recent  growth. 

With  the  exception  of  gronps  of  ilmenite  grains,  which  are  beauti- 
faliy  fringed  with  a  leucoxene  border,  the  remainder  of  this  rock  is  com- 
posed almost  wholly  of  hornblende.  In  its  freshest  state  this  mineral 
has  a  compact  structure  and  coflFee  brown  color,  with  the  usual  pleo- 
chroism  and  other  optical  properties  of  the  species.  Its  first  phase  of 
alteration  consists  in  turning  green,  and  this  is  followed  by  a  gradual 
bleaching.  This  process  continues  until  the  mineral  has  become  quite 
colorless,  without,  however,  losing  its  compact  structure.  In  the  larger 
individuals  of  compact  hornblende,  whether  this  is  brown,  green,  or  color- 
leas,  occur  numerous  small  lath-shaped  feldspars,  which  produce  the 
mottled  or  ^'poecilitic"  structure  above  alluded  to.  These  seem  to  be 
le«s  completely  changed  to  saussurite  than  the  larger  feldspar  crystals, 
but  they  often  contain  the  zoisite  crystals  in  a  more  perfect  state  of 
development. 

It  has  already  been  mentioned  that 
these  hornblende  crystals  show  an 
advanced  stage  of  alteration.  The 
hornblende  itself  is  bleached  until  it 
is  nearly  colorless.  The  final  change 
seems  to  be  the  breaking  up  of  this 
bleacheil  hornblende  into  an  aggre- 
gate of  colorless  needles,  resembliug 
tremolite.  In  other  cases,  however, 
it  is  changed  in  irregular  patches  to 
a  colorless  chlorite  which  is  quite 
isotropic,  and  only  visible  between 
crossed  nicol  prisms.  The  peculiar 
manner  in  which  this  takes  place  de- 
serves particular  notice,  and  is  repre- 
sented in  Fig.  9.  The  hornblende 
substance  remains  in  interlacing  veins  between  the  chlorite  areas. 
It  is  brightly  polarizing  and  may  be  often  seen,  as  in  the  figure,  to 
be  continuous  with  an  unchanged  hornblende  individual.  This  peculiar 
mode  of  alteration  is  doubtless  also  conducive  of  the  *'  poecilitic'^  effect 
above  mentioned.  The  clearness,  transparency,  refraction,  etc.,  of  both 
hornblende  and  chlorite  are  so  nearly  identical  that  this  structure  is 
wholly  invisible  in  ordinary  light,  and  the  effect  of  polarized  light  in 
transforming  the  apparently  homogeneous  and  colorless  mass  into  its 
two  strongly  contrasted  elements  is  very  striking. 

No.  11034  is  essentially  the  same  as  the  specimen  just  described, 
except  perhaps  that  it  is  more  altered,  and  hence  contains  less  of  the 
original  compact  brown  hornblende.    Most  of  the  hornblende,  indeed, 


Fig.  9. — Horublende  trnderf^oing  alteration  to 
colorless  chlorite  in  a  porpbyritic  diorite 
from  Lower  QaiDoesec  Falls.  Nicola  crossed. 
Magnified  80  diameters. 
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in  this  rock  is  colorless,  and  raach  of  it  is  fibrous.  That  which  still 
retains  any  color  is  for  the  most  part  green. 

No,  11035  was  not  sectioned,  bat  m  the  hand-specimen  it  exactly 
resembles  the  others. 

No.  11032,  collected  with  the  specimens  last  described,  is  a  beaatifal, 
fresh  looking  rock,  without  porphyritic  structure,  but  with  its  hornblende 
in  long,  slender,  greenish-black  crystak.  Under  the  microscope  the 
feldspar  of  this  rock  is  seen  to  be  less  altered  than  in  those  above 
described.  Sanssurite  is  abundantly  developed  in  it,  but  not  so  exten- 
sively as  in  the  porphyritic  crystals  of  the  other  specimens.  There  is, 
however,  here  no  brown  hornblende.  This  mineral  is  all  of  a  pale  green 
color,  or  it  is  changed  to  chlorite,  which  sometimes  contains  sharp 

crystals  of  epidote.  Ilmenite  is  abundant  and  is  fringed  with  lea- 
coxene. 

The  above  described  specimens,  from  the  extreme  western  edge  of 
the  ridge  near  the  falls,  although  they  are  the  least  altered  form  of  the 
rock,  hardly  represent  its  most  typical  aspect,  as  the  ridge  is  followed 
along  the  river  bank,  westward  from  Sandy  Portage,  its  high  and  almost 
perpendicular  front  is  found  to  be  composed  of  a  light  green  or  grayish- 
green,  fine  grained  or  aphanitic  rock.  This  is  compact  and  massive  in 
structure,  but  everywhere  profoundly  seamed  and  jointed.  It  is  cut  by 
cross-gashes  and  parted  joints,  and  gives  every  indication  of  having 
been  pulled  or  crushed— at  all  events,  of  having  been  subjected  to 
enormous  mechanical  strains.  The  joints  and  seams  often  run  in  many 
different  directions,  producing  a  regular  breccia  without  cement.  The 
rock  is  also  much  slickensided,  frequently  so  much  so  as  to  produce  a 
schistose  structure.  The  layers  thus  formed  sometimes  bond  around 
more  massive  cores,  which  seem  to  have  resisted  the  rubbing  action. 

The  formation  of  what  are  above  described  as  "cross-gashes"  is 
very  curious.  At  times  the  entire  face  of  the  rock  wall  is  scarred  with 
approximately  parallel  gaping  seams,  closely  resembling  the  rents  formed 
in  moderately  dry  clay  or  putty  when  this  is  stretched.  A  single  open- 
ing does  not  extend  for  any  great  distance,  but  a  great  number  of  them 
of  all  dimensions,  closely  crowded  together,  may  produce  an  irregular 
sort  of  foliation.  The  general  appearance  of  a  rock  thus  gashed  is  rep- 
resented in  Fig.  10,  which  was  drawn  from  a  hand-specimen.  This  of 
course  can  give  only  an  approximate  idea  of  the  appearance  of  this 
structure  in  a  large  rock-ma^s.  These  gashes  seem  to  have  been  pro- 
duced by  a  stretching  of  the  rock,  or,  what  amounts  to  the  same  thing, 
by  a  bulging  perpendicular  to  the  action  of  some  great  pressure.  They 
^esemble  the  ^^klaffende  2^t««e,"  described  by  Heim  in  the  Alps,  and  al- 
ready mentioned  in  Chapter  I  (p.  43).  The  edges  of  the  seams  are  ragged 
as  though  they  had  beeu  formed  by  a  forcible  tearing  Bsunder  of  the 
rock  after  it  was  solid.  They  are  often  filled  with  subsequent  infiltra- 
tions of  secondary  minerals,  like  calcite  or  quartz,  but  more  frequently 
they  are  open. 
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No.  11028  is  a  fair  average  specimen  of  the  rock  composing  this  ridge. 
It  is  a  grayish  green,  compact,  homogeneons  mass,  which  is  but  little 
jointed.    Under  the  microscope  it  is  seen  to  be  mainly  composed  of  a 
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finely  fibrons,  pale  green  hornblende  of  secondary  origin,  of  saussnrite, 
quartz,  and  ilmenite.  The  structure  of  the  rock  has  been  almost  en- 
tirely destroyed  in  the  course  of  the  miueralogical  changes  which  have 
taken  place  in  it.  As  the  new  minerals  have  formed  they  have  wan- 
dered from  the  position  occupied  by  the  older  ones  and  have  thus  pro- 
duced a  fine  grained  and  confused  aggregate  in  which  remains  of  larger 
rectangular  feldspars  or  hornblende  crystals  are  only  rarely  discernible. 
The  ilmenite  is  scattered  about  in  minute  dots,  each  surrounded  by  its 
own  leucoxene  border.  The  quartz  is  in  irregular  patches  and  bears 
every  evidence  of  being  secondary  in  its  origin. 

No.  11033,  from  near  the  western  end  of  the  ridge,  is  almost  identical 
with  the  specimen  last  described,  but  contains  more  quartz,  and  the 
remains  of  the  feldspar  imbedded  in  a  dark  gray,  opaque  matrix. 

No.  11031  is  a  specimen  collected  from  very  near  the  spot  where  No. 
11028  was  obtained,  and  the  two,  when  taken  in  connection,  show  in  a 
very  clear  and  beautiful  manner  the  effect  of  mechanical  action  in  modi- 
fying both  the  macro-structure  and  the  micro-structure  of  a  solid  rock. 
Bull.  62 6 
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Ill  spite  of  great  present  differences,  there  can  be  no  doubt  that  the 
two  specimens  were  once  portions  of  a  continuous  mass.  They  were 
taken  side  by  side  from  a  single  ledge  which  showed  nothing  like  a  line 
of  contact  between  two  dififerent;  rocks.  One  is  a  typical  massive  green- 
stone, with  hardly  a  joint-plane  visible  in  it;  the  other,  while  agreeing 
closely  with  the  first  in  color  and  texture,  is  deeply  cracked,  gashed 
and  seamed,  and  possesses  a  pronounced  schistose  structure.  The  orig- 
inal form  of  both  specimens  was  doubtless  an  igneous  rock  of  the  dia- 
base type,  which  has  been  subjected  in  one  case  (No.  11028)  to  chemical 
(metasomatic)  and  in  the  other  (No.  11031)  to  dynamic  metamorphism. 

Rocks  may  be  altered  by  simple  pressure,  but  the  accumulated  strains 
which  are  generated  within  them  are  relieved  and  adjusted  by  over- 
coming the  force  of  cohesion  along  certain  planes,  flere  there  will  be 
a  shearing  motion  of  greater  or  less  extent,  and  a  consequent  crushing 
of  the  rock.  The  rent  is  soon  healed  by  the  crystallization  of  new  com- 
pounds which  cement  the  crushed  fragments,  and  in  this  way  a  schistose 
band,  of  width  varying  with  the  intensity  of  the  force,  may  be  devel- 
oped in  the  midst  of  an  otherwise  solid  and  massive  rock;  or  a  number 
of  such  bands  may  be  formed  parallel  to  one  another,  and  together  im- 
parting to  the  rock  the  appearauce  of  a  foliated  or  even  a  banded 
schist. 

Conclusive  proof  of  this  process  might  be  difficult  to  discover  without 
the  aid  of  the  microscope,  but  this  instrument  is  happily  able  to  afiord 
sufficient  evidence  to  overcome  all  doubt.  We  shall  have  many  instances 
of  such  action  to  describe  in  the  sequel,  each  of  which  will  exemplify 
some  particular  phase  of  the  process. 

The  two  rocks  here  under  discussion,  however,  illustrate  this  general 
principle  in  an  admirable  manner.  Plate  IX  represents  the  appearance 
of  each  of  them  in  a  thin  section  as  seen  under  the  microscope.  The 
structure  of  the  first.  No.  11028,  is,  as  above  described,  a  granular  aggre- 
gate of  fibrous  hornblende,  chlorite  saussuritized  feldspar,  quartz,  and 
ilmenite,  produced  by  chemical  action  alone  in  recrystallizing  the  ele- 
ments of  the  original  constituents  in  new  compounds  more  in  accord- 
ance with  the  altered  physical  conditions  to  which  the  rock  was  sub- 
jected. The  component  minerals  of  the  second  rock  (No.  11031)  are 
not  so  different  from  the  last,  but  the  story  of  its  origin  is  told  in  its 
structure.  The  primary  constituents  seem  to  have  been  literally  pul- 
verized by  crushing.  The  feldspar  crystals  have  been  pulled  apart, 
the  fragments  being  separated  a  considerable  distance  (always,  how- 
ever, in  the  same  direction),  but  it  is  still  possible  to  recognize  frag- 
ments which  once  belonged  together.  The  substance  of  this  feldspar 
is  remarkably  fresh,  another  instance  of  the  chemical  action  which  takes 
place  in  this  mineral  being  inversely  proportional  to  the  mechanical 
action  which  has  affected  it.  The  separation  of  the  feldspar  fragments 
is  due  to  a  stretching  action  and  the  spaces  between  them  are  filled 
with  a  pale  green  and  almost  isotropic  chlorite.     This  mineral  has 
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evidently  been  developed  at  the  expense  of  the  hornblende,  which  is 
here  only  rarely  to  be  found,  and  then  always  in  bands  where  the  me- 
chanical deformation  has  been  less  intense.  Where  it  is  found,  how- 
ever, this  hornblende  is  identical  with  that  occurring  in  No.  11028.  The 
ilmenite  and  lencoxene  are  seen  as  before,  bat  the  former  is  far  less 
abundant  while  the  latter  is  proportionately  more  abundant.  When 
the  ilmenite  had  completely  disappeared,  the  leucoxene  forms  bands  and 
stringers,  thus  aiding  in  the  production  of  a  schistose  structure. 

This  development  of  chlorite  out  of  the  hornblende  substance  seems 
to  be  a  very  important  feature  in  the  stretched  basic  eruptive  rocks 
and  many  other  instructive  examples  of  it  will  be  given  beyond.  It 
has  a  definite  bearing  upon  the  origin  of  the  fine  grained  chlorite  schists 
which  accompany  and  are  interstratified  with  so  many  of  them. 

Nos.  11041  and  11042  form  an  instructive  pair  of  specimens,  collected 
near  the  river  bank  toward  the  western  end  of  the  ridge.  At  this 
particular  locality  there  is  a  well  marked  band  of  green  schist  travers- 
ing the  here  generally  massive  greenstone  in  a  direction  IS.  70<^  E.  The 
schistose  structure  is  irregular  and  undulatory,  and  on  either  side  there 
is  a  gradual  passage  from  the  schist  into  the  massive  rock.  No.  11042 
is  from  the  surrounding  mass  immediately  at  the  edge  of  the  schist 
baud.  In  a  hand-specimen  it  appears  to  be  considerably  altered,  of  a 
gray  color,  and  without  any  cleavage.  Under  the  microscope  the  orig- 
inal structure  is  easily  recognizable.  The  rock  is  largely  composed  of 
stout  rectangular  feldspars,  with  a  somewhat  rounded  outline,  and  in- 
ternally changed  to  saussurite,  though  their  periphery  is  mostly  clear. 
Between  these  are  the  remains  of  former  hornblende  (possibly  pyroxene) 
individuals  now  represented  only  by  amphibole  fibers  and  chlorite. 
Beautiful  skeleton  forms  of  lencoxene,  composed  of  three  sets  of  par* 
allel  bands,  reproducing  the  rhombohedral  parting  of  the  original  ilmen- 
ite, are  abundant. 

No.  11041  is  the  same  rock  as  the  last  in  a  much  more  altered  form. 
The  feldspar  is  mostly  changed  to  calcite,  and  the  hombleiide  to  chlo- 
rite. The  structure  has  wholly  disappeared  and  there  is  a  very  fine  mo- 
saic of  quartz  and  secondary  albite  substance.  Still,  the  same  skeleton 
forms  of  lencoxene  remain  aiid  there  is  no  doubt  that  the  two  speci- 
mens represent  the  same  rock  in  different  stages  of  alteration,  the 
more  changed  form  having  become  decidedly  schistose. 

Farther  west,  in  the  immediate  vicinity  of  Lower  Quinnesec  Falls,  the 
abrupt  face  of  the  diorite  ridge  proper  retires  a  short  distance  from  the 
river  bank.  Along  the  shore  the  massive  greenstones  give  place  to  slaty 
rocks,  which  cleave  into  rhomboidal  prisms.  They  have  no  proper  strike, 
but  seem  to  break  with  equal  readiness  in  all  plaues  parallel  to  a  line; 
and  this  line  is  here  nearly  perpendicular  to  the  surface.  No.  11043  is 
one  of  these  rocks  of  a  greenish  color.  Under  the  microscope  it  is  seen 
to  have  been  so  profoundly  altered  that  it  is  now  impossible  to  assert 
from  internal  evidence  what  its  original  character  was.    Still,  its  geo- 
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logical  position  indicates  that  it  was  once  a  part  of  the  gabbro  or  diorite 
ridge,  and  there  is  nothing  in  its  present  structure  that  directly  contra- 
dicts this  supposition.  The  rock  has  a  pronounced,  although  irregular 
and  undnlatory,  schistose  structure.  It  consists  largely  of  a  fine  grained 
nlatrix,  composed  of  chlorite  scales,  arranged  parallel  tg  the  direction 
of  schistosity.  With  this  mineral  are  associated  quartz,  feldspar,  opaque 
black  grains,  probably  magnetite,  and  occasionally  sharply  defined  crys- 
tals of  muscovite.  Imbedded  in  this  groundmass  are  larger  feldspars, 
sometimes  in  well  developed  crystals,  sometimes  in  fragments.  The 
substance  of  these  is  but  very  little  altered,  and  yet  their  outline  is 
made  indistinct  by  the  penetration  into  them  of  the  chlorite  scales. 
They  often  appear  to  have  been  much  squeezed  and  broken,  the  frag- 
ments being  more  or  less  separated.  Grains  of  quartz  .are  occasionally 
seen,  which  have  also  been  fractured  by  pressure.  Calcite,  due  to 
alteration,  is  also  sparingly  present. 

Similar  rocks,  more  or  less  schistose  and  varying  from  a  dark  green 
to  a  light  gray,  occur  from  this  point  along  the  river  bank  all  the  way 
to  the  falls. 

No.  11046  is  from  the  light  silvery-gray,  greasy-feeling  band,  which 
projects  into  the  basin  at  the  foot  of  the  falls.  This  is  a  typical  sericite 
schist.  Under  the  microscope  it  is  seen  to  have  a  finely  schistose  struct- 
ure, produced  bv  the  parallel  arrangement  (often  in  bands)  of  quartz 
grains,  sericite  scales,  and  chlorite,  whicli  is  nearly  colorless.  Along 
with  this  is  a  large  amount  of  calcite,  also  distributed  in  bands.  There 
is  no  feldspar  visible.  The  most  interesting  constituent  is  rutile.  This 
uiineral  is  sparingly  distributed  through  the  whole  rock  in  very  minute 
and  sharply  defined  crystals.  These  have  a  pale  yellow  color,  a  high 
index  of  refraction,  and  the  usual  twinned  forms.  In  certain  portions 
of  the  section  there  are  dull  gray,  opaque  spots,  which  are  yellow  in 
reflected  light.  These  are  not  continuous,  but  are  more  or  less  broken 
up  and  pulled  out  in  the  direction  of  the  schistose  structure.  They 
contain  occasional  dark  red  and  irregularly  shaped  graius  of  rutile,  but 
for  the  most  part  they  are  composed  of  innumerable  small  rutile  needles 
(quite  like  the  *'  Thonschiefernadeln^  of  the  Germans)  so  closely  crowded 
together  as  to  form  an  opaque  mass,  only  resolvable  with  a  high  power 
of  the  microscope.  From  these  dense  masses  the  other  little  needles 
in  the  other  parts  of  the  rock  seem  to  have  wandered. 

This  rock  is  almost  identical  with  certain  light  colored,  very  fissile 
schists  occurring  on  the  opposite  side  of  the  river  (cf.  No.  11011,  de- 
scnbed  beyond),  and  the  strike  of  these  two  exposures  seems  to  identify 
them  as  belonging  to  a  single  band. 

Oreeiistones  of  the  Lower  Quinnesec  Falls. — Passing  now  to  the  rocks 
exposed  along  the  northern  or  northwestern  shore  of  the  basin  below 
Lower  Quinnesec  Falls,  we  find  alternating  bands  of  lighter  and  darker 
colored  greenstones,  each  accompanied  by  schistose  layers,  which  pre- 
sent instructive  examples  of  dynamic  metamorphism. 
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The  accompanying  map  (PI.  IV)  represents  au  enlarged  portion  of 
Major  Brooks's  map  of  Lower  Qniunesec  Falls.  Commencing  at  the 
western  corner  of  the  basin  there  are,  along  its  northern  shore,  three 
bands  of  dark  and  two  of  light  colored  rocks.  The  two  kinds  of  struct- 
ure,  massive  and  schistose,  are  so  intimately  connected  in  both  of  them 
that  it  is  impossible  to  escape  the  conviction  that  the  latter  has  been 
secondarily  developed. 

If  we  begin  at  the  extreme  western  end  of  this  exposnre,  at  the  corner 
of  the  basin  where  a  sharp  bend  in  the  river's  course  has  produced  a 
low,  sandy  beach,  we  discover  that  the  rocks  are  of  a  dark  green  color. 
The  first  specimen  taken  from  this  band  (No.  IIOOI)  is  massive  and 
jointed.  No  feldspar  is  visible,  except  in  large  porphyritic  crystals, 
which  are  not  common.  Even  in  this  massive  rock  occasional  narrow 
bands,  having  a  wavy  foliation,  may  be  seen.  These  resemble  slicken- 
sidfs,  and  represent  planes  of  slipping  or  sliding  in  the  massive  rock 
(No,  11002).  Tracing  these  rocks  a  short  distance  to  the  east,  the  wavy 
schistose  bands  become  more  and  more  numerous,  until  the  whole  mass 
becomes  decidedly  slaty,  and  has  a  greasy  feel.  This  foliated  rock 
strikes  slightly  south  of  east  and  dips  steeply  toward  the  north.  The 
lamiuiB  are  frequently  separated  and  bulged  into  lenses,  which  are 
either  tilled  with  quartz  or  are  still  open  and  then  coated  with  drusy 
quartz  (No.  11003).  These  slaty  rocks  have  a  dark  gray  color,  and,  in 
some  respects,  resemble  hydro-mica  schists,  but  yet  it  is  impossible  to 
separate  them  in  the  field  from  the  dark  green  massive  rocks  above 
described,  as  eiwh  passes  by  insensible  gradations  into  the  other. 

Under  the  microscope.  No.  11001  appears  as  a  medium  grained  aggre- 
gate of  feldspar  and  pale,  fibrous  hornblende  with  some  ilmenite  and 
lencoxene.  The  structure  is  still  well  preserved.  The  feldspar  is  in 
stout,  columnar  crystals,  all  distinctly  striated  and  often  considerably 
changed  to  zoisite  or  epidote.  The  hornblende  is  in  irregular,  ragged 
masses  or  in  minute  needles.  The  pale,  fibrous  sort  is  plainly  seen  to 
have  been^derived  from  a  compact,  darker  green  and  pleochroic  variety ; 
but  farther  back  than  this  (i.  e.,  to  a  possible  original  pyroxene)  it  can 
not  be  traced.  There  is  also  a  little  pale  green  chlorite,  looking  much 
like  the  secondary  hornblende,  except  between  crossed  nicols,  where  it 
is  nearly  isotropic. 

No.  11002,  taken  from  one  of  the  narrow  schistose  bands,  has  plainly 
been  produced  by  a  shearing  or  sliding  within  the  last  described  mas- 
sive rock,  and  presents  an  intercKSting  relationship  to  it  when  placed 
under  the  microscope.  The  two  are  plainly  identical  as  far  as  the  com- 
ponent minerals  are  concerned,  but  the  structure  of  the  latter  has  under- 
gone a  great  change.  The  grain  at  first  glance  appears  to  be  finer,  but 
this  is  soon  seen  to  be  due  to  a  crushing  of  the  original  minerals.  The 
feldspars  esjiecially  are  very  much  broken  and  their  parts  more  or  less 
separated.  This  mechanical  action  has  been  attended  by  increased 
chemical  activity.    The  original  substance  of  the  crushed  feldspar  crys- 
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tals  is  hardly  as  much  changed  as  in  the  preceding  instance,  bat  there 
has  been  a  considerable  recrystallization  of  new  feldspar  substance 
(probably  albite).  The  hornblende,  because  of  its  secondary  nature,  is 
more  like  that  in  the  massive  rock  (No.  11001),  but  even  this  is  some- 
times sundered  and  tprn.  Chlorite  is  much  more  abundant,  especially  in 
the  interstices  between  the  fragments  of  the  broken  feldspar  crystals. 
It  is  sometimes  filled  with  very  delicate  and  minute,  though  extremely 
sharp,  epidote  crystals.  The  ilmenite  is  more  extensively  changed  to 
leucoxene  than  before,  and,  in  some  cases,  shows  a  decided  pulling  out 
in  the  direction  of  the  schistose  structure.  On  the  whole,  many  of  those 
metasomaiic  changes  which  the  greenstones  most  commonly  show  are 
here  seen  to  have  been  accelerated  and  intensified  by  the  mechanical 
force  which  has  crushed  the  rock  and  so  changed  its  structure.  Thus 
the  two  forces — dynamical  and  chemical — may  go  hand  in  hand  and 
together  produce  a  rock  which  is  both  structurally  and  mineralogically 
very  different  from  that  out  of  which  it  has  been  derived. 

Passing  eastward  along  this  exposure,  we  next  come  to  a  wide  band 
of  much  lighter  colored  rock,  which  extends  as  far  as  the  lower  side  of 
the  small  cove,  situated  on  the  right  bank  immediately  below  the  falls. 
This  band  exhibits,  in  a  most  admirable  manner,  the  secondary  devel- 
opment of  schistose  layers  in  a  massive  rock,  and  is  well  deserving  of 
careful  study.  The  most  typical  and  least  altered  form  occurs  just  at 
and  below  the  corner  of  the  small  cove.  This  is  a  medium  grained, 
massive  aggregate  of  opaque  white  saussurite  and  light  green,  fibrous 
hornblende,  and  it  closely  resembles,  in  its  external  aspect,  the  barrier 
rock  at  both  Upper  Quinnesec  and  Sturgeon  Falls.  Nos.  11008  and 
11009  represent  this  occurrence,  but  even  the  most  massive  specimens 
which  could  be  obtained  are  seamed  with  cracks  approximately  parallel 
in  direction  and  coated  with  a  lamellar,  soft  green  mineral  like  that  in 
the  adjoining  schists.  Thii^  is  shown  by  examination  to  be  chlorite. 
On  both  sides  of  the  massive  portion  of  this  band  the  parallel  cracks 
become  more  and  more  abundant  (No.  11004  below,  and  No.  110 10 
above),  and  on  the  lower  side  of  the  small  cove  the  rock  passes,  with- 
out any  break  in  its  continuity,  into  silky  schists  (No.  11011),  like  those 
above  described  from  the  opposite  side  of  the  river  (cf.  No.  11046,  p.  84). 

Under  the  microscope,  the  least  altered  specimens  of  this  rock  (Nos. 
11008  and  11009)  are  found  lo  bear  a  close  resemblance  to  the  light 
colored  gabbro  of  Sturgeon  Falls  (see  p.  68),  except  that  in  the  present 
instance  no  trace  of  diallage  is  discernible.  The  structure  of  the  two 
rocks  is  the  same.  The  feldspar  is  here  also  replaced  by  the  same  gray, 
opaque  saussurite,  in  which,  with  a  high  power,  zoisite  and  calcite  may 
be  easily  detected.  The  hornblende,  as  seen  in  a  microscopic  section,  is 
practically  colorless.  Only  occasionally  are  traces  of  a  greenish  tinge 
observable.  Between  crossed  nicols  this  mineral  generally  exhibits  a 
homogeneous  extinction,  so  that  it  can  not  be  regarded  as  truly  fibrous, 
and  yet  there  can  be  no  doubt  as  to  its  secondary  nature.    Its  edges  are 
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ragged  and  there  is  a  decided  tendency  to  separation  into  fibers,  even 
^hen  these  are  not  actually  present.  It  is  noteworthy  that  this  sec- 
ondary hornblende  can  only  be  traced  back  (and  that  in  rare  instances) 
into  a  more  compact  greenish  or  brownish  variety  of  the  same  mineral. 
In  none  of  the  thin  sections  is  there  any  positive  evidence  that  dial- 
lage  was  ever  present;  and  yet  the  close  similarity  of  this  rock  to  the 
Sturgeon  Falls  gabbro  naturally  suggests  it.  If  the  diallage  were 
originally  present  it  has  completely  changed  to  the  pale  hornblende, 
while  the  brown  hornblende  longer  resisted  the  bleaching  action,  and 
hence  sometimes  still  remains.  If  this  were  not  the  case,  we  are  com- 
pelled to  assume  one  of  the  two  other  alternatives  suggested  in  the 
case  of  the  porphyritlc  diorite  from  the  other  side  of  the  river,  No. 
11098  (see  p.  78). 

The  pale  hornblende  is  often  partially  altered  to  colorless  chlorite, 
and  the  ilmenite  is  more  or  less  changed  to  leucoxene. 

Nos.  11004  and  11010,  taken  from  either  side  of  the  above  described 
band,  represent  somewhat  schistose  varieties  of  it  which  have  been 
produced  by  the  action  of  pressure.  That  this  is  actually  the  case 
is  admirably  shown  by  a  microscopic  examination.  The  hornblende 
of  the  original  rock  seems  to  have  passed  completely  into  a  very  pale 
or  colorless  chlorite.  Saussurite,  on  the  other  hand,  is  less  abundantly 
developed  than  in  the  more  massive  rock  above  described,  and  it  is  dis- 
posed in  narrow  veins  or  in  small,  irregular  spots.  The  ilmenite  has 
given  its  place  to  a  dark  gray  substance  resembling  leucoxene.  This 
is  drawn  out  in  stringers  following  the  direction  of  the  schistosity, 
and  in  the  center  of  these  a  yellow  grain  of  rntile  may  sometimes  bo 
observed.  Galcite  is  also  present.  The  structure  of  the  rock  is 
completely  different  from  that  from  which  it  is  supposed  to  have  been 
derived.  It  is  now  composed  largely  of  a  fine  grained  groundmass. 
This  is  made  up  of  a  microgranitic  aggregate  of  minute  grains  of  an 
nnstriated  substance  resembling  quartz,  but  which,  from  its  high  spe- 
cific gravity,  is  probably  a  feldspar.  These  grains,  together  with 
chlorite  scales,  leucoxene,  some  calcite,  and  an  occsisional  bit  of  epi- 
dote  or  sericitc,  are  arranged  so  as  to  produce  an  indistinct  schistose 
structure,  the  bands  of  which  bend  and  wind  around  larger  porphyritic 
individuals  of  feldspar.  In  this  way  a  lenticular  or  "  Flaser"  structure 
results,  which,  however,  is  hardly  discernible,  except  under  the  micro- 
scope. A  very  particular  interest  attaches  to  the  porphyritic  feldspar 
crystals  of  these  rocks.  In  comparison  with  those  in  the  more  massive 
rock  (11008  and  11009),  they  are  but  slightly  altered  to  saussurite ;  in- 
deed, for  the  most  part,  they  are  surprisingly  fresh  and  glass^'.  Glis- 
tening cleavage  surfaces  may  be  readily  detected  with  the  unaided  eye, 
and  under  the  microscope  this  feldspar  appears  in  clear,  colorless  grains, 
almost  wholly  free  from  inclusions  of  any  kind.  Occasionally  these 
possess  a  light  brownish  tinge,  due  to  some  evenly  distributed  pig- 
ment. Between  crossed  nicols  this  clear  feldspar  substance  presents 
sharp  twinning  lamellse  and  a  comparatively  high  extinction  angle. 
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The  individual  crystals  ^are  invariably  broken  and  the  fragments  are 
more  or  less  separated.  The  intervening  spaces  are  filled  with  a  micro- 
granitic  groundmass,  as  shown  in  Plate  YIII,  figs.  1  and  2,  of  other 
similar,  though  more  acid  rocks  from  Upper  Qninnesec  Falls  and  ftom 
the  vicinity  of  Marquette,  Michigan. 

The  clearness  and  freshness  of  this  feldspar  would  at  first  suggest  the 
probability  of  its  being  a  secondary  crystallization,  as,  for  instance, 
albite  is  often  found  to  be.  This,  however,  is  shown  not  to  be  the  fact, 
first,  by  the  broken  state  of  all  the  crystals,  indicating  that  they  must 
have  been  in  existence  when  the  rock  was  pressed  and  crushed ;  and, 
second,  by  their  physical  properties  which  show  that  the  feldspar  is 
labradorite.  Upon  isolation  this  feldspar  was  found  to  have  a  specific 
gravity  of  2.69 ;  and  in  cleavage  pieces  parallel  the  basal  plane,  it  gives 
an  extinction  angle  of  12<^  to  20^  on  each  side  of  the  twinnlng-trace. 

The  survival  of  the  original  feldspar  in  an  almost  unaltered  state,  in 
a  rock  so  profoundly  changed  by  mechanical  action,  naturally  occa- 
sioned some  surprise.  Examples  of  the  same  sort  have  already  been 
cited  (e.  g.  Nos.  11154  and  11165  from  Sturgeon  Falls,  and  No.  11032 
fi:om  the  diorite  ridge  below  Lower  Quinnesec  Falls),  and  so  many  cases 
of  alike  character  were  encountered  from  other  localities  that  the  oc- 
currence of  the  freshest  feldspar  in  the  most  crushed  rock  must  be  re- 
garded as  the  rule. 

I  know  of  no  way  of  interpreting  this  phenomenon,  substantiated  by 
so  many  instances,  except  by  supposing  that  the  pressure,  which  acts 
powerfully  in  stimulating  chemical  action  in  the  solid  rock,  is  relieved 
on  the  harder  grains  of  a  crushed  band,  since  these  are  able  to  change 
their  position  by  slipping  among  the  softer  materials. 

The  nearly  vertical,  silvery  schists  (No.  11011)  which  occupy  the  west- 
em  corner  of  the  little  cove  just  below  the  Lower  Qninnesec  Falls,  rep- 
resent only  a  more  highly  metamorphosed  state  of  the  rocks  above  de- 
srcibed.  They  are  extremely  soft,  fissile,  and  schistose  in  a  hand-speci- 
men. Under  the  microscope  they  closely  resemble  the  groundmass  of 
the  last  described  rocks  (Nos.  11004  and  11010).  The  granular  aggre- 
gate is  so  disposed  as  to  produce  a  decided  schistose  structure.  Both 
calcite  and  sericite  have  become  more  abundant,  while  the  porphyritic 
feldspar  crystals  have  completely  disappeared.  The  leucoxene  al^o  can 
no  longer  be  found,  but  the  long  lines  of  very  sharp  and  minute  rutile 
crystals,  which  are  not  present  in  any  of  the  more  massive  related  rocks, 
appear  to  have  taken  its  place. 

The  perfect  continuity  of  the  massive  rock  (Nos.  11008  and  11009) 
with  these  schists,  through  the  intermediate  member  (IIOIO)  is  admira- 
bly shown  in  the  exposure  at  the  western  end  of  this  small  cove. 

The  following  chemical  analyses  of  these  three  specimens  have  been 
made  by  Mr.  B.  B.  Biggs. 
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I.  No.  11006,  Gabbro-diorite  from  Lower  Qainnesoc  basin. 
II.  No.  11010,  Schistoae  form  of  the  same  rock. 
III.  No.  11011,  Seriate  schist  adjacent  to  last. 
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TiOa  not  determined. 

The  ciose  agreement  betw^een  these  analyses  is  striking.  The  low 
percentage  of  iron  sufficiently  accounts  for  their  uniformly  light  color. 
The  most  striking  difference  is  perhaps  the  loss  of  calcium  and  the 
lesser  loss  of  magnesium,  both  of  which  were  undoubtedly  carried  off 
in  the  form  of  soluble  carbonates  when  the  rock  was  crushed.  The 
water  is  contained  in  the  pale  chlorite,  which  first  increases  in  amount 
and  then  decreases,  as  its  components  are  transformed  into  carbonates. 
The  sodium  was  first  contained  in  the  feldspar  and  the  steady  increase 
iu  its  relative  amount  is  probably  due  to  the  development  of  the  sericite- 
like  mica,  which  may  be  a  paragonite. 

It  is  interesting  to  compare  the  first  of  these  analyses  with  that  of 
the  Sturgeon  Falls  gabbro  (I  on  p.  76),  the  close  resemblance  of  which 
to  the  rocks  here  under  consideration  has  already  been  alluded  to. 
The  only  noticeable  difference  is  a  slightly  larger  proportion  of  silica 
and  a  smaller  proportion  of  alumina  and  lime  iu  the  Sturgeon  Falls 
rock. 

Passing  now  still  farther  to  the  eastward,  we  come  to  the  second  band 
of  dark-colored  greenstones  (see  map,  PI.  IV).  These  follow  directly 
after  the  narrow  exposure  of  the  above-mentioned  silvery  schists  in  the 
western  corner  of  the  little  cove  and  form  a  great  part  of  its  northern 
shore.  They  resemble  the  rocks  occurring  in  the  baud  first  described, 
and  present  both  massive  and  schistose  varieties,  which  grade  insensibly 
into  each  other  in  a  manner  not  less  instructive  than  that  in  the  two 
bands  already  considered. 

Nos.  11012,  11013,  and  11021  (the  first  two  from  massive  iK)rtions  of 
this  band  along  the  shore  of  the  small  cove ;  and  the  last  from  the  Wis- 
consin side  of  the  river  directly  opposite  the  falls}  are  essentially  identical 
in  appearance  and  composition.  In  the  hand-specimen  they  form  a 
compact,  aphanitic  mass,  of  a  dark  green  color.  Under  the  microscope 
the  originaUy  diabasio  nature  of  the  rock  is  at  once  apparent,  although 
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the  extensive  miaeralogical  changes  which  Ijave  gone  on  have  greatly 
obscured  its  foriucr  structure.  The  couiponents  now  present  are  al- 
most wholly  secondary.  These  are  hornblende,  chlorite  containing  epi- 
dote,  quartz,  and  leucoxene.  Ilmenite  and  occasional  traces  of  feldspar 
are  the  only  original  constitnents  which  remain.  Still  the  disposition  of 
the  secondary  minerals  is  such  as  to  outline  a  diabasic  or  ophitic  struct- 
ure often  with  great  distinctness.  The  feldspar  is  rarely  well  pre- 
served ;  but  a  narrow  zone  of  the  unaltered  substance  of  this  mineral 
often  outlines  a  stoutly  lath-shaped  crystal,  even  when  its  interior  is 
wholly  changed  to  an  aggregate  of  quartz,  chlorite,  and  epidote.  The 
hornblende  has  a  curious  appearance.  Its  crystals  are  brownish  and 
nonpleochroic  with  a  somewhat  granulated  surface,  so  that  it  exter- 
nally resembles  dialiage.  Its  cleavage  and  optical  properties  prove  it 
to  be  undoubtedly  hornblende,  although  this  superficial  likeness  to  di- 
aliage is  so  strong  as  to  almost  compel  the  conviction  that  it  has  origi- 
nated by  paramorphism  from  a  pyroxene.  This  brown  hornblende  is 
seen  with  a  high  power  to  be  gradually  changing  to  a  green  variety,  in 
which  a  pleochroism  for  the  first  time  becomes  apparent.  This  also 
frequently  passes  over  into  a  fibrous  hornblende.  The  chlorite  epidote 
aggregate  in  these  rocks  is  very  finely  developed.  The  chlorite  is  of 
an  emerald  green  color  and  distinctly  pleochroic.  It  appears  between 
crossed  nicols  as  isotropic  or  polarizes  with  a  maroon  tint.  The  epidote 
is  in  sharp,  light  yellow  crystals,  with  the  characteristic  shape  and  op- 
tical properties  of  this  species.  The  tnicroscopic  appearance  of  this 
aggregate  is  rei)resented  in  PI.  XI,  fig.  1,  drawn  from  a  specimen 
collected  below  the  Upper  Quinnesec  Falls  (No.  11049).  The  literature 
relating  to  it  has  already  been  cited  (Chapter  I,  p.  57).  The  epidote 
crystals  have  been  described  from  the  Menominee  region  by  Wichmann^ 
and  others  as  secondary  augite.  This  chlorite  epidote  aggregate  covers 
considerable  areas  and  occupies  the  place  of  both  the  feldspathic  and 
the  pyroxenic  constituents.  In  addition  to  the  minerals  already  named, 
ilmenite,  with  its  leucoxene  border,  pyrite  and  secondary  quartz  are 
quite  abundant  in  these  rocks. 

No.  11014,  taken  from  a  narrow,  schistose  band  in  the  massive  green- 
stone (No.  11013),  shows  in  a  remarkably  clear  manner  how  the  dy- 
namic metamorphism  of  this  rock  has  been  accomplished.  In  this  in- 
stance there  can  not  be  the  least  doubt  Jis  to  the  continuity  of  the  rock- 
mass.  The  hand-specimen  No.  11014  has  a  decidedly  schistose  struct- 
ure, and  under  the  microscope  it  shows  the  effects  of  mechanical  crush- 
ing and  attendant  mineralogical  changes  with  great  distinctness.  The 
whole  rock,  with  the  exception  of  certain  remains  of  the  larger  feldspar 
crystals,  has  been  reduced  to  a  fine  grained  mass,  showing  an  aggre- 
gate polarization.  Light  green  chlorite  has  been  largely  developed  and 
has  completely  replaced  all  the  bisilicate  elements.  The  parallel  ar- 
rangement of  the  scales  of  this  mineral  is  what  produces  the  schistose 

»^— — '      ■■■■■■■■  ■  ■       ^-  ■      ■  ■      ^  .■!■  ^i-  I  ■     ■  '  '  '  -  r       ■ 

1  Geol.  WisconsiD,  vol.  3.  1876,  pp.  623, 624. 
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stractare,  and  it  surronuds  and  incloses  the  small  grains  in  the  man- 
ner which  has  already  been  explained  in  connection  with  Ko.  11031 
(p.  81 )  and  illustrated  in  PI.  IX,  fig.  2.  The  clear,  secondary  grains  form- 
ing this  mosaic  are  certainly,  to  some  extent  at  least,  quartz,  while  a 
portion  of  them  may  be  an  unstriated  feldspar.  GalQite  has  been 
largely  developed  in  the  schistose  rock,  and  the  leucoxene  is  replaced 
by  rutile,  either  in  stout,  yellow  grains,  or  in  minute,  sharp  crystals  ar- 
ranged in  long,  sinuous  lines. 

The  mechanical  action  which  produced  this  schistose  band  has  there- 
fore resulteil  in  the  crushing  of  the  rock,  and  the  almost  total  disap- 
pearanc>;  of  all  of  the  original  components.  The  comparatively  slight 
cliange  in  the  chemical  composition  of  the  rock  as  a  whole  may  be  seen 
from  the  two  following  analyses  of  Nos.  11021  and  11014,  made  by  Mr. 
E.  B.  Kiggs. 

I.  No.  11021.    Dark  massive  greenstone,  Lower  Qninnesec  Falls. 
II.  No.  11014.    Dark  schistose  greenstone,  forming  a  band  in  the  last. 
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TiOa  not  determined. 
Powder  dried  at  105°  C. 

The  changes  here  are  at  once  seen  to  be  doe  (1)  to  the  total  removal 
of  the  iron  ores  (loss  of  iron) ;  (2)  to  the  production  of  carbonates 
(gain  of  G(>2,  carbonatization) ;  and  (3)  to  the  increase  in  the  amount  of 
chlorite,  (increase  of  HaO,  hydration). 

Toward  the  eastern  end  of  the  small  cove  the  dark-green  schistose 
rocks  appear  t^o  pass  by  insensible  gradations  into  exactly  similar  ones 
of  a  lighter  color.  No.  11015,  one  of  these,  is  seen  under  the  micro- 
scope to  be  a  very  schistose  aggregate  of  extremely  pale  chlorite  and 
qaartz  grains.  There  is  a  little  calcite  here  present  and  occasional 
scales  of  sericite.  The  rutile,  in  very  minute  and  sharp  crystals,  is  here 
crowded  into  long  bands  and  stringers  which  follow  the  schistosity  of 
the  rock  and  give  the  thin  section  a  pronounced  <<Flaser"  structure. 

No.  11016,  from  the  extreme  eastern  corner  of  this  cove,  represents  a 
band  of  light  colored  brownish  rocks  with  a  perfectly  developed  schis- 
tose structure  and  a  grain  somewhat  resembling  that  of  wood.    These 
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stand  nearly  vertical,. though  some  dip  from  65*^  to  70°  N.  20°  W. 
Their  strike  is  turned  from  that  of  the  other  rocks  here  (S.  70°  E)  some 
30°  to  40^,  so  that  they  now  strike  N.  70o  E.  Under  the  microscope 
this  rock  is  seen  to  have  essentially  the  same  structure  and  composition 
as  the  last.  The  main  difference  between  them  is  that  the  present  spec- 
imen has  a  brown  chlorite  instead  of  a  green  one.  This  it  is  that  im- 
parts the  peculiar  color  to  the  rock  in  the  hand-specimen.  There  is 
also  more  calcite  in  this  rock  than  in  the  other.  It  would  seem,  along 
with  No.  llOll  above  described,  to  represent  the  most  profoundly  met- 
amorphosed phases  of  the  massive  rocks  at  Lower  Quinnesec  Falls. 
The  original  constituents  have  undergone  an  alteration  to  chlorite, 
quartz,  carbonates,  and  rutile.  The  iron  has  largely  disappeared,  and 
the  crystallization  of  the  new  components  under  lateral  pressure  has 
produced  a  very  pronounced  schistose  structure. 

No.  11023,  from  the  upper  end  of  the  breakwater,  above  the  falls 
(Wisconsin  side),  is  very  closely  allied  to  the  two  specimens  last  de- 
scribed.   It  is  a  grayish  schist,  with  the  prevailing  strike,  but  every- 

« 

where  seamed  with  transverse  cross-gashes,  which  are,  for  the  most  part, 
filled  with  infiltrated  quartz.  There  seems  to  be  little  doubt  from  a 
field  examination,  that  this  rock  is  continuous  with  the  massive  diabase 
(No.  11021)  in  the  same  way  that  the  last  mentioned  specimens  are  con- 
tinuous with  Nos.  11012  and  11013.  The  massive  green  rock  (No.  11021) 
is  exposed  a  very  short  distance  to  the  west  of  it,  where  it  also  is  filled 
with  seams  and  cross-gashes,  which  appear  to  have  been  squeezed  open 
by  lateral  pressure.  From  this  point  the  transition  to  the  gray  schis- 
tose rock  is  a  very  gradual  one.  The  latter  rock  has  no  regular  bedding 
but  only  a  cleavage  in  one  direction.  This  causes  it  to  break  out  in  angu- 
lar prisms.  The  rock  is  everywhere  fissured,  slickensided,  and  filled 
with  infiltration  quartz,  as  evidence  of  the  enormous  pressure  to  which 
it  has  been  subjected.  Under  the  microscope  it  is  much  like  No.  11016. 
There  is  the  same  quartz  mosaic,  pale  chlorite  and  strings  of  rutile 
needles,  arranged  so  as  to  produce  a  decided  schistose  structure.  There 
is,  however,  in  this  rock  considerably  more  calcite  and  an  additional 
feature  in  the  way  of  remains  of  former  feldspar  crystals.  These  are 
considerably  altered,  and  appear  to  be  changing  to  a  mass  quite  like  that 
which  composes  the  rest  of  the  rock.  In  fact,  this  has  gone  so  far  that 
it  is  almost  impossible  to  distinguish  these  feldspars  in  ordinary  light, 
although  their  outline  and  nature  become  very  apparent  between  crossed 
nicols.  They  are  arranged  without  reference  to  the  present  schistose 
structure  of  the  rock,  and  evidently  represent  original  constituents  of 
the  rock  from  which  the  present  schist  has  been  derived. 

In  place  of  the  above-described  transition  from  massive  to  schistose 
rocks  along  a  line— normal  to  the  strike — there  is  in  many  instances  the 
sMll  more  conclusive  proof  to  be  found  in  this  same  transition  around 
ellipsoidal  or  lenticular  cores  of  massive  rocks.  Such  masses  grow  grad- 
ually schistose  around  their  periphery  and  pass  into  schists  which  ap- 
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X>ear  to  wind  arouDd  and  endorse  them,  bat  which,  in  reality,  liave  been 
formed  out  of  their  own  substance.  An  admirable  example  may  be 
seen  jnst  at  the  Wisconsin  edge  of  the  river  at  the  foot  of  Lower  Quiu- 
nesec  Falls.  This  is  a  lenticular  mass  of  massive  greenstone  about  eight 
feet  in  its  longest  diameter.  This  grades  insensibly  around  its  edge, 
into  dark  green  schists,  differing  only  in  their  structure  from  the  cen- 
tral  rock.  Pour  specimens  (Nos.  11017, 11018, 11019,  and  11020)  were 
collected  to  illnstrate  this  passage.  The  most  interior  and  massive  one 
(So.  11017),  although  to  all  appearances  quite  compact,  is  found  upon  a 
microscopic  examination  to  be  wholly  altered  mineralogically.  The 
bisilicate  constituents  are  now  represented  only  by  a  light  emerald- 
green,  pleochroio  mineral,  which,  in  spite  ot  its  comparatively  strong 
action  upon  polarized  light,  is  probably  chlorite.  This  frequently  con- 
tains sharp  epidote  crystals.  The  feldspar,  while  retaining  much  of  its 
original  form,  is  composed  either  of  a  gray,  opaque  saussurite  or  of  a 
fine  mosaic  of  quartz  and  albite  grains  and  a  great  deal  of  calcite. 

The  extremely  altered  condition  of  the  central  portion  of  this  core  is 
perhaps  rather  advantageous  than  otherwise,  for,  while  there  can  be  no 
doubt  as  to  its  original  character,  the  transition  to  the  schists  is  seen  to 
take  place  wholly  by  a  change  in  structure,  without  further  mineral- 
ogical  alteration. 

No.  11018,  taken  from  a  place  where  indications  of  a  schistose  structure 
are  already  quite  apparent,  shows  just  th^  same  mineral  components  as 
the  last.  The  chlorite  scales,  however,  have  assumed  a  decidedly  par- 
allel arrangement,  which  is  followed,  to  a  less  extent,  by  the  fine  mosaic 
of  quartz  and  albite  grains.  The  calcite  is  better  crystallized,  and  forms 
larger  individuals.  There  are  also  present  some  minute  scales  of  a  deep 
red  iron  oxide,  probably  gothite,  or  limonite.  The  gray  saussurite  is 
likewise  common. 

No.  11019,  in  which  the  schistose  structure  is  still  more  apparent, 
shows  the  same  components  as  the  others.  The  parallel  arrangement 
of  the  chlorite  is  still  more  pronounced  and  the  calcite  still  better  crys- 
tallized. Strangely  enough,  we  meet  here,  in  a  very  schistose  rock, 
better  preserved  feldspar  crystals  than  can  be  found  in  the  more  massive 
greenstone,  with  which  it  is  so  intimately  connecter].  This  is  but  one 
more  instance  of  the  remarkable  rule  set  down  on  p.  88,  and  alluded 
to  several  times  already.  This  thin  section  (No.  11019)  exhibits  feldspars 
so  well  preserved  that  only  occasional  epidote  crystals  are  developed 
in  them.  There  is  also  to  be  seen  a  remarkably  good  example  of  the 
change  of  pyrite  to  iron  hydroxide. 

No.  11020  represents  the  extreme  member  of  this  series.  It  is  a  typical 
chlorite  schist,  in  which  alternating  and  interlacing  areas  of  pale  green 
chlorite  and  a  fine  quartz  albite  mosaic  may  be  seen.  In  both  a  highly 
developed  schistosity  is  produced  by  the  parallel  arrangement  of  the 
components.  The  grain  of  this  rock,  in  so  far  as  it  is  due  to  these  alter- 
nating areas,  appears  somewhat  coarser  than  in  the  less  altered  forms. 
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The  chlorite,  if  it  be  examined  with  a  higher  magnifying  power,  is  seen 
to  be  filled  with  irregular  spots  of  a  reddish  brown  color,  which  feebly 
polarize,  and  seem  to  be  the  remains  of  former  feldspar  crystals.  Butile 
in  grains  or  sharp  crystal  forms  is  also  present. 

The  fine  mosaic  which  composes  the  other  areas,  contains,  in  addi- 
tion to  the  quartz  and  albite  grains,  calcite  and  chlorite  in  small,  elon- 
gated' scales. 

A  careful  field  examination  shows  conclusively  that  the  four  speci- 
mens here  described  (Nos.  11017  to  11020),  represent  only  different 
forms  of  the  same  rock.  In  fact,  the  mineral  composition  is  identical 
for  all,  although  the  most  massive  form  is  beyond  all  doubt  an  altered 
diabase^  while  the  exterior  bands,  which  surround  this  core  are  just  as 
truly  examples  of  a  typical  chlorite  schist. 

No.  11048  is  a  specimen  of  the  massive,  dark  green  rock  which  has 
been  blasted  out  behind  the  shanty  on  the  Michigan  side  of  Lower 
Quinnesec  B'alls.  A  microscopic  examination  shows  at  once  that  this 
rock  was  originally  a  diabase,  although  its  present  constituents  are 
for  the  most  part  secondary.  The  shapes  of  the  original  minerals  are 
indistinctly  outlined,  and  so  the  structure  of  the  rock  is  preserved. 
There  is  now  present  a  pale  green  hornblende,  probably  secondary  to 
pyroxene,  although  no  traces  of  this  mineral  are  preserved }  epidote, 
chlorite,  saussurite  and  leucoxene  in  zones  around  the  titanic  iron. 
The  feldspar  has  rarely  changed  to  the  opaque,  gray  saussurite,  but  is 
replaced  for  the  most  part  by  a  mass  of  sharply  defined  epidote  crys- 
tals. Where  the  feld3par  and  hornblende  have  jointly  contributed  to 
the  formation  of  secondary  products,  we  have  the  chlorite  epidote 
Aggregate  as  a  result.    A  little  secondary  quartz  is  also  observable. 

The  two  remaining  specimens  examined  from  Lower  Quinnesec  Falls 
(Nos.  11101  and  11102)  were  collected  on  the  Michigan  side  of  the  river 
above  the  fall,  from  two  points  designated  by  u  and  w  respexstively  on 
Major  Brooks's  map.  They  exhibit  in  a  marked  degree  the  effects  of 
stretching  npon  massive  greenstones.  If  a  rock  mass  were  subjected 
to  a  great  lateral  pressure  when  it  was  free  to  expand  in  a  direction 
perpendicular  to  that  in  which  the  pressure  acted,  it  would  appear  as 
though  it  had  been  subjected  to  a  strain  or  tension  in  the  direction  along 
which  it  was  free  to  move.  There  would  be  a  breaking  and  pulling  out 
of  the  individual  minerals  into  parallel  bands  along  the  line  of  expan- 
sion or  apparent  stretching.  This  phenomenon  is  very  admirably  dis- 
played in  these  two  specimens. 

No.  11102  is  the  coarser  grained  of  the  two  rocks  and  shows  its  struct- 
ure best  when  the  microscopic  section  is  examined  with  a  pocket-lens. 
Its  appearance,  as  seen  under  a  low  power  of  the  microscope,  is  por- 
trayed in  PI.  XI,  fig.  2.  One  of  the  most  important  of  the  original 
constituents  of  this  rock  was  a  triclinic  feldspar  in  large  sized  indi- 
viduals. These  are  now  fissured  in  a  direction  normal  to  the  stretch- 
ing and  their  fragments  are  separated  in  a  most  striking  manner.    The 
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interstices  are  filled  with  long,  chlorite  scales  arranged  perpendicular 
to  the  walls  of  the  fissures;  more  rarely  calcite  replaces  this  chlorite. 
Here  again  we  have  clear  evidence  that  the  chemical  change  in  the 
feldspars  of  rocks  which  have  been  subjected  to  great  mechanical  action, 
is  comparatively  slight.  The  feldspars  of  this  rock  are  scarcely  altered 
except  by  being  broken  or  crushed. 

The  grains  of  original  quartz  in  this  rock  have  suffered  the  usual  de- 
formation, being  rarely  broken  but  more  frequently  in  a  state  of  ten- 
sion which  imparts  to  them  an  undulatory  extinction. 

Very  finely  fibrous,  dark  green  actinolite  is  quite  abundant,  repre- 
senting some  other  bisilicate  constituent  (either  pyroxene  or  compact 
hornblende)  all  traces  of  which  have  now  disappeared.  The  fibers  are 
sometimes  parallel  over  considerable  areas,  sometimes  crowded  together 
into  a  confused  and  matted  mass.  They  themselves  show  no  evidence 
of  pressure  and  hence  must  have  originated  during  the  action  of  the^ 
pressnre  or  subsequent  to  it.  The  former  is  the  more  probable  and  the 
pressure  may  have  been  the  very  cause  to  which  the  hornblende  owes 
its  origin,  as  I  suggested  in  a  former  paper.^ 

None  of  the  constituents  displays  the  effects  of  the  stretching  action 
to  which  this  rock  has  been  subjected  more  distinctly  than  the  ilmen- 
ite.  This  mineral  is  abundant  in  grains  of  considerable  size,  all  of 
which  have'  been  irregularly  fissured  in  a  direction  transverse  to  the 
tension  and  the  fragments  separated,  exactly  like  those  of  the  feldspar.' 
(See  PI.  XI,.fig.  2.)  The  absence  of  leucoxene  around  these  grains  may 
indicate  that  in  this  case  also  the  chemical  action  is  inversely  propor- 
tional to  the  mechanical. 

No.  11101  is  a  very  similar  rock  of  a  finer  grain,  in  which  the  effects 
of  stretching  are  not  so  apparent.  We  therefore  find  the  chemical  al- 
teration of  the  feldspar  proportionately  greater.  This  mineral  is  not 
so  much  broken  as  in  the  specimen  last  described,  but  it  is  filled  with 
secondary  crystallizations  of  chlorite  and  epidote.  The  ilmeuite  is 
broken  and  stretched  in  the  manner  described  in  the  preceding  speci- 
men, though  to  a  less  degree.  The  separated  ilmenite  fragments,  how- 
ever, in  this  case  present  a  contrast  to  the  others,  in  having  leucoxene 
quite  abundantly  developed  around  them.  The  hornblende  of  this 
rock  is  both  brown  and  green ;  each  variety  is  dark  colored  and  in- 
tensely pleochroic.  Most  of  it  is  fibrous,  the  fibers  following  in  their 
arrangement  the  general  direction  of  the  foliation. 


I  Am.  Joar.  Sci.,  3d  series,  Oct.,  18di  toI.  28,  p.  266. 

*A.  Sohenck  describes  and  figures  exactly  this  pheaomenon  in  the  schistose  diabases  of  the  upper 
Ruhr  Valley.    Inaugural  Dissertation,  Bonn,  1884,  p.  55. 
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CHAPTER  III. 

GREENSTONE  BELJS  OF  THE  MENOMINEE  DISTRICT— (Cod tinaed). 

UPPER  OR  BIO  QUINNESJBO  FALLS. 

About  3^  miles  above  Lower  Quinnesec  Falls,  described  iu  the 
preceding  chapter,  the  course  of  the  Menominee  Biver  is  -  again 
interrupted  by  extensive  rock  exposures,  which  skirt  the  banks  for 
nearly  2  miles.  The  upper  mile  of  this  distance  is  a  high,  rocky  gorge, 
known  as  the  ^^  Horse  Race,"  throagh  which  the  water  rushes  and 
tumbles  in  a  foaming  rapid.  The  current  then  flows  more  quietly 
through  a  broader,  though  still  rocky  channel,  for  half  a  mile,  when 
it  suddenly  plunges  over  a  fall  of  considerable  height  and  beauty,  known 
as  Upper  or  Big  Quinnesec.^ 

Below  this  fall  the  stream  broadens  into  a  wide  basin,  which  is  also 
bordered  by  rocky  shores. 

The  continuous  exposure  of  Upper  Quinnesec  Falls  is,  therefore, 
separable  into  three  naturally  distinct  divisions.  These  divisions  are, 
moreover,  each  characterized  by  a  different  kind  of  rock ;  a  fact  which 
serves  to  distinguish  them  almost  as  sharply  as  their  physical  confor- 
mation.   (See  map,  PI.  V.) 

The  rocks  which  are  exposed  along  the  basin  belong,  for  the  most 
part,  to  the  class  of  dark,  more  or  less  schistose  greenstones,  similar  to 
those  occurring  at  Lower  Quinnesec  Falls.  These  were  once  diabases 
rich  in  iron,  which  have  produced  amphibolitic  and  chloritic  schists  of 
a  deep  green  color. 

The  actual  barrier  at  Upper  Quinnesec  Falls  is,  on  the  other  hand,  com- 
posed of  the  light  colored  type  of  greenstone  with  a  distinctly  granular 
structure,  like  that  already  described  as  occurring  at  both  the  Sturgeon 
and  Lower  Quinnesec  Falls.  This  is  also  the  commonest  rock  for  the 
half  mile  above  the  falls,  before  the  rapid  is  reached.  It  is  deserving 
of  careful  study  on  account  of  the  transition  which  it  presents  into 
light  colored  sericite  schists. 

The  rock  which  forms  the  steep  walls  of  the  gorge  known  as  the  Horse 
Bace  is  of  still  a  different  type.  It  will  receive  a  separate  treatment, 
as  it  is  quite  unlike  anything  observed  elsewhere  in  the  Menominee 
Valley. 

>  This  name  is  a  oorraption  of  the  Chlppeira  Beqwnetw  which  is  sjMlled  by  H.  Credner  ix\  hi,B  desorip- 
tion  of  this  locality  as  Bekuenetek.    (Nenes  Jahrbach  fur  Mineral.,  1870,  p.  971.) 
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Finally  bands  of  certain  acid  rocks — granites,  gneisses,  and  schistose 
jwrphyries — occar  in  the  greenstones  both  at  the  fall  and  along  the 
Horse  Bace.  They  appear  to  stand  in  the  closest  genetic  relation  both 
to  each  other  and  to  the  great  granite  area  which  lies  south  of  the  river 
aud  approaches  it  at  this  point  more  nearly  than  at  any  other. 

We  may,  therefore,  consider  the  rocks  of  Upper  or  Big  Qninuesec 
Falls  nnder  the  four  following  heads: 

(1)  The  dark  colored  greenstones  of  the  basin. 

(2)  The  light  colored  greenstones  at  the  falls. 

(3)  The  coarse  grained  diorites  of  the  Horse  Hace. 

(4)  The  acid  rocks,  both  massive  and  schistose. 

THE  DARK  COLORED  GREENSTONES  OF  THE  BASIN. 

At  the  lower  (eastern)  extremity  of  the  basin,  below  Upper  Qainnesec 
Falls,  i&  an  exposn|*e  of  greenstone  which  juts  into  the  river  from  the 
Wisconsin  side.  It  is  of  a  uniformly  green  color  aud,  for  the  most  part, 
massive,  although  schistose  portions  are  not  infrequent,  which  have  the 
prevailing  strike,  N.  7(P  W.,  and  stand  nearly  vertical.  These  schist- 
ose bands  have  in  the  field  every  appearance  of  being  secondary 
since  they  are  only  locally  developed  and  grade  imperceptibly  into 
the  massive  rock.  A  specimen  from  this  locality,  No.  11049,  when  ex- 
amined microscopically,  appears  to  be  very  similar  to  a  rock  already 
described  from  the  Lower  Falls  (No.  11048).  The  process  of  alteration 
there  indicated,  however,  has  here  progressed  much  further.  There  is 
every  reason  to  believe  that  this  rock,  like  th6  other,  was  once  a  diabase; 
and  yet,  in  tl^is  case,  all  traces  both  of  the  original  structure  and  of  the 
original  constituents  have  disappeared.  The  feldspar  substance  is  com- 
pletely replaced  by  a  confused  network  of  epidote  needles,  or  of  these 
mixed  with  chlorite;  some  rather  compact,  green  hornblende  still  re- 
mains, but  this  mineral  is  rapidly  disappearing,  aud  the  manner  in 
which,  jointly  with  the  feldspar,  it  furnishes  the  materials  out  of  which 
the  chloriteepidote  aggregate  is  formed  is  here  very  instructively  dis- 
played. In  fact,  no  other  rock  showed  thi^  characteristic  Ibrm  of  altera- 
tion as  well  as  this  one,  and  it  was  therefore  selected  to  furnish  the 
illustration.  (See  PL  XI,  fig.  1.)  The  titanic  iron  is  here  in  the  form  of 
small  grains,  accompanied  by  loucoxene.^ 

On  the  southern  or  Wisconsin  side  of  this  basin  there  are  no  more 
important  exposures  of  the  dark  colored  greenstones.  On  the  Mich- 
igan side,  however,  such  exposures  are  abundant  and  have  been  in- 
dicated on  Maj.  Brooks's  map  as  the  points  z^  aa,  bby  and  cc,^ 

Two  suites  of  specimens  collected  at  thesepoints,  oneby  Prof.  Irving 

•  SUde  No.  931  of  the  collection  of  tho  Lake  Superior  Division  of  the  U.  S.  Geological  Survey  waa 
prepared  from  a  specimen  collected  by^  Prof.  R.  D.  Irving  west  of  tlu)  abovo,  among  tho  light  colored 
Sr«»eD«t4»nea.  It  i<i  of  great  interest  in  this  connection  because  its  fehUpar  is  quite  well  preserved  and 
nhowA  in  a  moat  anniistakablo  manner  the  ophitic  structure  of  the  diabases.  In  other  rei*pects  espec- 
lallj  in  the  character  and  abundance  of  tho  epldote-cblorlto  aggregate,  it  is  quite  identical  with  No, 

*  Geol.  WiBconsin,  vol.  3,  PI.  3,  p.  474. 
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and  the  other  by  the  writer,  were  studied.  The  rocks  all  exhibit  the 
effects  of  extreme  mechanical  action  upon  their  constituents,  which  has 
so  far  obliterated  their  original  structure  as  to  render  their  true  char- 
acter doubtful.  They  agree  in  being  composed  of  different  proportions 
of  a  much  crushed  and  altered,  reddish  brown  feldspar  and  a  pale  green 
mass  consisting  of  chlorite  and  quartz.  The  latter  aggregate  is  of  sec- 
ondary origin  and  imparts  a  cleavage  to  the  rock,  since  the  chlorite 
flakes  are  all  arranged  in  one  direction. 

No.  4162,  from  Prof.  Irving's  collection,  was  the  only  specimen  studied 
microscopically  from  point  z.  It  is  composed  mostly  of  feldspar,  and 
has,  therefore,  a  reddish  color.  This  constituent  is  intensely  crushed 
and  its  substance  is  so  highly  altered  as  to  appear  to  grade  lmperce{)tibly 
into  the  quartz  chlorite  matrix,  which  is  i)resent  in  small  amount  be- 
tween its  fragments.  Scattered  through  this  mass  in  the  direction  of 
its  foliation  are  long  lines  of  some  opjique  iron  oxide,  accompanied  by 
very  minute  though  sharply  defined  crystals  and  twins  of  rutile  (Thon- 
schieferuadeln),  like  those  represented  in  Fig.  12,  p.  100.  In  some  cases 
the  iron  oxide  is  absent,  and  these  dark  bands  may  be  seen  with  a  high 
magnifying  power  to  be  made  up  entirely  of  the  closely  clustered  rutile 
crystals. 

Nos.  4163  and  11070  are  both  from  Brooks's  point  aa,  which  he  de- 
scribes (loc.  cit.)  as  composed  of  a  "chloritic  greenstone  schist,  with 
pinkish  grains  of  feldspar  (Schalstein  ?)." 

The  first  of  these  sections  belongs  to  Professor  Irving's  collection^ 
and  exhibits  under  the  microscope  the  effects  of  the  crushing  and 
stretching  in  a  very  marked  degree.  Its  structure  resembles  that  of 
specimen  No.  11102  from  the  lower  Quinnesec  Fall,  described  on  p.  94, 
and  represented  in  PL  ^1,  fig  1.  White  and  reddish  feldspar  crystals, 
quartz  grains,  and  opaque  black  spots  of  iron  oxide  are  imbedded  in  a 
secondar}^  matrix  consisting  of  chlorite,  quartz,  and  epidote.  No  trace 
of  an  original  bisilicate  now  remains.  All  of  the  older  components, 
especially  the  feldspar  and  iron  oxide,  are  much  broken  and  their  frag- 
ments are  separated  in  one  uniform  direction  corresponding  to  the  folia- 
tion of  the  rock;  but  yet  the  fragments  which  once  belonged  together 
can  still  be  recognized.  The  feldspar  substance,  in  spite  of  the  in- 
tense crushing,  is  still  remarkably  fresh  and  its  twinning  striation  dis- 
tinct. Lath-shaped  forms,  like  those  of  diabase,  are  present,  though  all 
traces  of  the  original  rock  structure  have  disappeared.  The  opaque 
grains  of  iron  oxide  (magnetite)  are  broken  and  pulled  apart  like  the 
feldspar  and  can  be  seen  with  a  high  magnifying  power  to  be  fringed 
with  minute  and  imperfectly  formed  rutile  crystals.  Sharply  defined 
octabedra  of  magnetite — evidently  of  secondary  origin,  as  they  never 
exhibit  any  traces  of  mechanical  action — are  also  scattered  through 
the  chlorite,  and  in  some  cases  these  octahedra  are  crowded  together 
with  little  rutile  crystals,  both  looking  as  though  they  had  resulted  from 
the  alteration  of  some  preexisting  mineral. 
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No.  11070,  collected  by  the  writer  from  the  same  locality  as  the  last 
(Brooks's  point  aa)y  possesses  a  similar  character,  though  with  certain 
important  differences.  The  hand<specimen  is  dark  green  in  color  and 
decidedl3^  schistose.  Under  the  microscope  it  is  seen  to  he  essentially 
the  same  rock  as  that  last  described,  but  in  an  even  more  advanced 
stage  of  alteration.  The  fragments  of  i*eddish  feldspar,  which  can  still 
be  seen  to  belong  together,  are  here,  as  before,  separated  in  the  direction 
of  the  foliation,  while  the  spaces  between  them  are  filled  with  chlorite 
flakes  and  qnartzgrains.  Thefeature  of  particular  interest  in  this  speci- 
men is,  however,  the  abundance  of  its  rutile  and  the  constant  and  close 
association  of  this  mineral  with  the  black  iron  oxide.  This  association, 
as  well  as  the  general  appearance  of  this  rock  under  the  microscoi)e, 
is  represented  in  PL  XIII,  fig.  2.  The  opaque,  black  grains,  which  in 
reflected  light  can  be  seen  to  be  intergrown  with  a  considerable  propor- 
tion of  pyrite,  are  surrounded  by  a  border  of  stout,  brownish  yellow 
needles,  averaging  from  0.1  to  0.05™™  in  length  by  from  0.02  to  0.0 1"»™ 
in  width.  They  are  crowded  closely  together  and  are  often  parallel  to 
the  external  edges  of  the  grains.  Not  infrequently,  also,  they  exhibit 
a  regularity  of  arrangement,  crossing  each  other  at  angles  approaching 
60^  and  120°.  It  will  be  readily  seen,  however,  that  in  a  random  sec- 
tion of  the  rock  it  is  impossible  to  decide  whether  these  are  exactly  the 
angles  or  whether  they  are  the  angles  54^  43'  and  65^  35'  (with  their 
sapplements,  125^  17'  and  114^  25'),  which  von  Lasaulx  has  shown  are 
produced  by,  the  twinning  of  rutile,  and  characteristic  of  its  network 
growth  called  as  sagenite.^  An  isolation  of  these  needles  was  made  by 
dissolving  all  the  other  constituents  of  the  rock  in  HCl  and  HF,  for 
the  purpose  of  obtaining  material  which  might  positively  decide  this 
point,  but  no  definite  results  were  obtained.  The  needles  are  for  the  most 
part  irregular  in  their  arrangement,  and  it  still  remains  uncertain  whether 
their  occasional  regularity  is  due  to  twinning  or  to  some  other  cause. 

A  chemical  examination  of  the  isolated  needles  showed  that  they  were 
composed  of  titanium  oxide,  while  their  crystallographic  and  optical 
properties  observed  under  the  microscope  proved  them  to  belong  to  the 
species  rutile. 

The  fact  that  the  black,  opaque  constituent  of  this  rock  is  traversed 
by  parallel  cracks  and  fissures,  often  in  sets  intersecting  at  an  angle  of 
60^,  like  those  observed  in  titanic  iron,  taken  in  connection  with  the 
close  relationship  of  the  rock  itself  to  the  family  of  diabases,  naturally 
led  to  the  assumption  that  the  iron  oxide  was  ilmenite.  Moreover,  the 
similarity  of  the  distribution  of  the  rutile  about  the  black  cores  to  that 
of  lencoxene  about  ilmenite  crystals  in  the  process  of  alteration — its 
presence  as  a  continuous  border  and  in  every  crack,  while  the  black 
substance  itself  is  quite  free  from  the  needles  ^ — seemed  further  to  indi- 

*  ZeitDchr.  fiir  KrjAt.  u.  Miii.,  vol.  8.  1884,  p.  56. 

*Tbi«  was  shown,  not  meruly  by  tho  abBouco  of  tho  larger  needles  which,  if  they  were  present, 
aaaathavo  appeared  through  tho  black  substance  of  the  iron  oxide  in  the  tbin  section,  but  also  by 
slowly  diASohring  away  the  oxide  with  HCl  under  the  microscope  and  the  failure  thus  to  dittcloso  any 
BtaaXler  cryetaU  ol  rutile,  which  might  have  been  wholly  iuclosed  within  tho  black  ore. 
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cate  the  secondary  origin  of  the  rutile  out  of  the  ilmenite.  This  is  the 
view  that  was  at  first  taken  by  the  writer  and  published  by  him  in  a 
letter  to  the  Neues  Jahrbuch  fiir  Miueralogie,  etc.,  1887,  vol.  2,  p. 
263.  In  a  subsequent  paper  on  the  same  rock,^  Prqf.  Gathreia  of  Karls- 
ruhe showed,  among  other  points  which  he  considered  as  objec- 
tions to  the  secondary  origin  of  the  rutile,  that  the  black  iron  oxide 
was  not  ilmenite  at  all,  but  magnetite.  This  determination  has  since 
been  confirmed  by  a  careful  chemical  examination  made  at  my  request 
by  Prof.  S.  L.  Penfield,  of  the  SheflBeld  Scientific  School  at  New  Haven. 

A  very  similar  occurrence  of  rutile  needles,  though  inferior  in  size  to 
those  here  described,  has  been  observed  by  Oathrein  in  the  leucoxene 
border  which  surrounds  both  ilmenite^  and  titaniferous  magnetite^  in 
certain  Tyrolese  rocks.  Dr.  J.  Blaas  also  encountered  the  same  kind 
of  a  network  of  rutile  crystals  in  a  quartz  phyllite  from  the  njeighbor- 
hood  of  Innsbruck,  but  in  this  case  it  was  unaccompanied  by  any  opaque 
ore.*  In  none  of  the  instances  observed  by  him  does  Oathrein  consider 
the  rutile  as  even  possibly  a  secondary  product.  On  the  other  hand, 
he  thinks  that  the  little  needles  were  formed  simultaneously  with  the 
ilmenite  or  magnetite,  and  that  they  have  always  existed  in  their  pres- 
ent form  within  the  iron  oxide,  until  more  or  less  completely  liberated 
by  the  solution  and  removal  of  the  latter. 

In  his  article  on  the  Quinnesec  rock  above  cited,  none  of  the  points 
insisted  upon  by  Oathrein  appear  to  militateagainst  the  secondary  origin 
of  the  rutile,  except  the  last.  As  has  been  stated  above,  it  is  impossi- 
ble in  a  random  section  to  determine  with  certainty  whether  the  nee- 
dles intersect  at  angles  of  exactly  60^  and  120^,  or  at  those  so  nearly 
like  them  produced  by  twinning.  But  whichever  be  true,  it  is  certain 
that  a  large  majority  of  the  needles  are  quite  irregular  in  their  arrange- 
ment. The  discovery,  however,  that  the  black  iron  oxide  which  ac- 
companies the  rutile  is  not  ilmenite  but  a  magnetite  almost  free  from 
titanium,  seems  at  first  altogether  incompatible  with  the  idea  that  the 
rutile  is  a  secondary  derivative  from  ilmenite.  Nevertheless,  a  continued 
and  repeated  study  of  a  large  number  of  thin  sections  of  this  rock  have 
served  to  convince  the  writer  more  and  more  that  the  rutile  was  at 
least  not  a  constituent  of  the  rock  in  its  original  state.  The  rutil6  ag- 
gregates are  never  drawn  out  in  the  direction  of  the  stretching,  as  are 
all  of  the  original  constituents,  notably  the  feldspar,  and  as  they  must 
have  been  had  they  always  been  present  in  the  rock.  It  is  necessary, 
therefore,  to  assume  that  they  originated  subsequent  to,  or,  more  prob- 
ably, at  the  time  of  the  metamorphism. 

The  constant  and  intimate  connection  between  the  rutile  and  the 
magnetite  clearly  shows  that  they  are  in  some  way  genetically  related. 
Opposed  to  the  supposition  that  they  were  originally  parallel  iuter- 

'  Nenes  Jahrbuch  fur  Mineral.,  etc.,  1888,  vol.  2,  pp.  151-165. 

«Z6itschr.  fur  Kryat.  u.  Min.,  vol.  6,  1882.  p.  248. 

»  Ibid.,  vol.  8,  1884,  p.  321. 

*  Tscheriu^k'a  min.  q.  petrog.  Mittheil.,  \ol.  4,  1882,  p.  514,  fig.  2. 
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growths,  is,  however,  the  fact  that  the  riitile  needles  never  occur  witliiu 
the  ma^Qctite,  now  present.  The  nitile  forms  a  border  around  the  black 
areas,  which  themselves  frequently  show  a  sharp  crystal  outline,  diffi- 
cult to  reconcile  with  the  idea  that  they  have  been  partially  dissolved 
so  as  to  reveal  the  rntile  wliicli  once  existed  within  them.  In  one  in- 
stance, indeed,  an  aggregate  consisting  of  rutile  needles  and  sharp  oc- 
tahedra  of  magnetite  was  observed,  but  this  is  exceptional.  On  the 
other  hand,  it  may  often  be  clearly  seen  that  the  magnetite  has,  to  a 
greater  or  less  degree,  been  removed' by  solution ;  but  in  all  such  cases 
the  place  that  it  once  occupied  exists  within  the  fringe  of  rutile,  but  is 
itself  wholly  free  from  the  needles.  This  space  is  often  filled  with  cal- 
cite,  or  some  similar  carbonate,  in  slightly  radiating  tutls. 

All  of  these  observations  seem  to  point  to  a  contemporary  origin  for 
both  the  magnetite  and  rutile  from  some  preexisting  mineral,  which  in 
the  present  case  may  very  probably  have  been  ilmenite. 

The  change  of  hematite  into  magnetite  is  one  which  has  been  often 
observed.  Both  ^  quotes  descriptions  of  this  alteration  from  Breithaupt, 
Volger,  Peters,  vom  Bath,  Petersen,  Doll,  Grattarola,  and  Zeparovich. 
There  seems  to  be  no  reason  why  the  corresponding  titaniferous  com- 
pound, ilmenite,  should  not  also  pass  over  into  magnetite  with  the 
separation  of  its  titanium  in  the  form  which  is  most  stable  for  the  con- 
ditions then  prevailing. 

Butile  is  well  known  to  be  widely  distributed  in  microscopic  crystals 
through  schists  which  have  resulted  from  the  regional  metamorphism 
of  both  sedimentary  and  eruptive  rocks.  It  must  therefore  be  a  com- 
pound well  in  accord  with  the  conditions  producing  metamorphism. 

The  common  presence  of  rutile  needles  in  diabase  rocks  which  have 
been  intensely  altered  by  pressure,  and  its  absence  in  their  unaltered 
forms,  in  connection  with  the  fact  that  the  original  ilmenite  disappears 
in  proportion  as  the  rutile  is  developed,  has  inclined  such  eminent 
petrographers  as  Lessen  and  Bosenbusch  to  the  supposition  that  the 
latter  mineral  has  originated  from  an  alteration  of  the  former.  This 
hypothesis  has  derived  much  support  from  observations  made  in  many 
of  the  Lakje  Superior  greenstone  schists  which  are  altered  diabases. 
In  case  of  the  particular  rock  under  discussion,  it  is  impossible  to 
prove  with  the  material  now  in  hand  that  the  magnetite  and  associated 
rutile  have  resulted  from  preexisting  ilmenite,  but  in  light  of  all  that 
we  know  of  this  and  other  occurrences,  it  seems  to  the  wTiter  that  such 
an  origin  is,  to  say  the  least,  not  at  all  improbable.  Whether  or  not 
such  an  alteration  as  that  here  suggested  really  takes  place  in  the 
ilmenite  of  diabase  when  this  rock  undergoes  dynamic  metamorphism 
to  chloritic  schists  must  remain  for  future  investigations  to  decide. 

Nos.  4164  and  4IG5,.  from  Prof.  Irving's  collection,  show  the  same 
rock  as  the  two  specimens  last  described  in  a  yet  more  advanced  stage 
of  alteration.    Both  have  become  typical  chlorite  schists,  composed 

'Allisenieine  and  cbeniiscbe  Goologio,  vol.  1,  1879,  p.  97. 
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mostly  of  chlorite,  quartz,  and  iron  hydroxide-  The  structure  is  now 
finely  paralld  and  schistose,  not  the  least  trace  of  the  original  structure 
remaining.  In  No.  4165,  which  is  the  darker  colored  of  the  two,  leaf- 
lets of  a  colorless  mica  (sericite)  are  abundant. 

No.  11072,  collected  from  Brooks's  point  co,  is  a  dark  green  rock,  which 
is  seen  with  the  unaided  eye  to  be  traversed  by  numerous  fibrous  veins 
of  a  paler  green  color.  Under  the  microscope  the  section  of  this  rock 
shows  principally  ragged  areas  of  green  hornblende,  inclosing  isolated 
crystals  of  a  mineral,  which  agrees  more  closely  in  its  physical  proper- 
ties with  zoisite  than  with  any  other;  i.  e.,  there  are  colorless  rectan- 
gular sections  with  a  cleavage  parallel  to  the  longest  axis,  and  a  cross- 
parting  in  the  direction  perpendicular  to  this.  In  polarized  light  these 
sections  show  pale,  bluish  gray  interference  colors,  parallel  extinction, 
and  a  biaxial  figure.  The  fibrous  veins,  which  compose  a  considerable 
proportion  of  the  rock,  are  made  up  of  zoisite  individuals  arranged 
perpendicular  to  the  walls  of  the  vein,  and  of  fibrous  hornblende,  which 
often  penetrates  the  former  mineral  in  fine  asbestiform  needles. 

THR  LIGHT  COLORED  GREENSTONE  AT  UPPER  QUINNESEO  FALLS. 

The  speckled  rock  which  forms  the  barrier  at  D  pper  Qninnesec  Falls, 
is  a  very  typical  representative  of  the  light  culored  greenstones  of  the 
Menominee  region.  It  has  a  strong  macroscopical  resemblance  to  the 
rocks  of  this  type  already  described  from  Sturgeon  Falls  and  Lower 
Qninnesec  Falls,  but  is  more  attractive  in  appearance  than  any  of  them. 
In  the  field  it  appears  to  be  a  medium  grained  aggregate  of  a  white, 
opaque  feldspar,  in  which,  however,  glistening,  striated  surfaces  are  by 
no  means  rare,  and  a  grayish  green  mineral  with  a  halC  metallic  luster 
on  its  cleavage  planes.  The  deceptive  appearance  of  this  mineral  is  the 
reason  why  Prof.  Hermann  Credner  calls  this  rock  (which  he  described 
as  early  as  1870)  a  diabase  with  a  decided  resemblance  to  a  gabbro.^ 
^  This  mineral  does,  indeed,  show  the  most  striking  macroscopical  sim- 
ilarity to  the  diallage  of  some  of  the  Volpersdorf  and  Italian  gabbros; 
but  in  spite  of  this  fact,  the  most  careful  microscopical  examination  of 
many  different  specimens — the  freshest  that  could  be  discovered — 
failed  to  disclose  a  trace  of  pyroxene.  This  result  is  the  more  surpris- 
ing as  the  rock  appears  even  fresher  than  that  at  Sturgeon  Falls  in 
which  considerable  pale  diallage  still  remains.  The  microscope,  how- 
ever, shows  that  the  rock  at  Upper  Qninnesec  Falls  is  the  more  altered 
of  the  two. 

No.  11054,  collected  on  the  Wisconsin  side  of  the  river,  directly  at 
the  fall,  may  be  regarded  as  a  typical  specimen  of  the  perfectly  massive 


1  In  HpeakinK  of  this  constituent  ho  aays:  "  Er  [iler  Auijit)  bildet  kiirzafiulenfunmige,  m  kryetal- 
linisclieu  Partien  verwachseno  IndividiuMi,  an  cl(5n(ui  ortliodiasonnio  Spaltiingstiacben  niit  balbine- 
tallischem  Glanzo  beHonilers  deutlicb  bcrvortrcteu.  Dadurcb  crhalt  lian  Gf^Rteiu  cine  Aebnlicbkeitmit 
Gabbru,  solbst  mit  Hypcrsthpnit."  (Xeues  Jahrbucb  liir  Mineral.,  1870,  p.  972.)  Professor  Punipelly 
alM)  says  that  this  rock  is  identicai  with  that  of  Sturg«v)n  FiiiU.    (G&ul.  Wisconsin,  Vol.  3,  p.  5C4.) 
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rook.  Its  microscopical  appearance  is  represented  in  Plate  X,  tig. 
1.  The  hornblende  is  mostly  of  a  very  pale  color  and  more  or  less 
fibroQsin  stracture.  It  has  every  appearance  of  being  secondary,  and  yet 
in  every  case  where  it  can  be  traced  into  a  more  compact  mineral  this 
is  al8o  a  hornblende  of  a  dark  green  or  brown  color.  In  many  instances 
the  hornblende  is  bent  and  curved,  as  diallage  is  so  apt  to  be  (see  right 
side  of  the  plate);  but  the  most  striking  peculiarity  of  this  hornblende 
and  the  one  most  like  diallage  is  its  very  perfect  parting,  parallel  to  the 
orthopinacoid  (100).  This  very  unusual  feature,  is  apparently  confined 
to  the  paler,  and  probably  secondary  horablende.  It  stops  abruptly  on 
the  edge  of  the  compact,  more  deeply  colored  variety,  even  where  this 
is  continuous  with  the  lighter  kind  (Plate  X,  fig.  1).*  This  may  indi- 
cate that  the  paler  hornblende  is  secondary  after  diallage  and  therefore 
reproduces  its  orthopinacoidal  parting,  while  the  diallage  was  itself 
intergrown  with  an  original  com];>act  hornblende  which  still  remains. 
Aside  from  its  characteristic  prismatic  cleavage,  proof  is  furnished  that 
this  mineral  is  really  hornblende  by  the  fact  that  sections  approximately 
perpendicular  to  the  vertical  axis,  give,  in  converged  polarized  light,  a 
bisectrix  instead  of  an  optical  axis. 

The  feldspar  of  this  rock  is  largely  changed  to  opaque,  gray  saussur- 
ite.  Portions  of  it,  however,  remain  in  an  unaltered  state.  These 
nave,  even  in  the  thinest  sections,  a  pale  brown  color  (PI.  X,  fig.  1), 
and  in  thicker  sections  they  are  as  dark  as  mahogany.  This  coloring 
is  not  due  to  inclusions  from  which  the  feldspar  is  surprisingly  free,  but 
to  some  unevenly  distributed  pigment  whose  nature  it  is  far  beyond  the 
power  of  the  microscope  to  reveal.  With  the  exception  of  this  color 
the  feldspar  is  so  remarkably  fresh  and  clear  as  to  make  the  impression 
at  first  glance  that  it  must  be  of  secondary  origin.  A  slight  examina- 
tion, however,  shows  that  the  clear  brown  substance  forms  a  peripheral 
zone  about  the  saussuritized  individuals ;  or  where  the  whole  crystal  is 
unchanged,  that  it  is  bent,  broken,  or  faulted  in  a  manner  inconsistent 
with  any  supposition  of  secondary  origin.  Here  again  we  have  addi- 
tional,  and,  indeed,  most  convincing  evidence  that  the  greater  the  me- 
chanical action  to  which  the  feldspar  has  been  subjected,  the  less  chem* 
ical  change  it  has  undergone.    (See  above,  p.  88.) 

The  other  constituents  of  this  rock  are  ilmenite,  surrounded  by  a  leu- 
coxene  border,  and  some  secondary  quartz,  which  is  penetrated  by  most 
delicate  fibers  of  hornblende. 

The  analysis  of  this  rock  in  column  I  of  the  following  table  was  made 
by  Mr.  R.  B.  Riggs: 

I  It  if  interefltin;;  to  note,  in  thiR  connection,  the  recent  observation  of  (Jathroin  that  the  hornblende 
of  Ro«la  in  the  Tyrol  haa  a  perfectly  developed  parting  duo  to  very  narrow  twinning-lamollae  which  i  un 
pantUel  to  the  orthopinacoid.  (Zeit«chr.  ffir  Kryst.  u.  Min..  vol.  12,  p.  12.)  Whether  the  above-men- 
tioned parting  is  dne  to  the  name  cause  or  not,  it  is  impossible,  on  account  of  the  extreme  nan-owness 
of  the  parting-IiDM,  to  determine. 
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I. 

n. 

III. 

47.96 

16.85 

4.33 

4.17 

13,  25 

9.15 

1.25 

.30 

2.88 

.08 

Silica  (SiO«) 

48.35 

51.46 

AIquiId A  ( AI2O3) 

Ferric  oxide  (Fe^Oa) .... 

Perrons  oxide  (FeO) 

Lime  (CaO) 

15.40 

4.04 

4.63 

10.38 

11.61 

1.87 

.35 

3.60 

.08 

14.35 
3.90 
5.28 
9.06 
9.54 
2.92 

.24 
3.30 

.20 

Magnenia  (MgO) 

Soda  (NftvO) 

PotAHh  (K«0) 

Wfcter  (H9O) 

Carbon  dioxide  (CO,) . . . 
Total 

100.31 

100.27 

100.  23 

Dried  at  10)0. 

The  analyses  of  the  two  analogous  rocks,  Nos.  11171  (II)  from  Sturgeon 
Falls,  and  11008(111),  from  Lower  Quinnesec  Falls,  are  again  cited  from 
pp.  76  and  89,  for  comparison.  The  agreement  between  all  three  analyses 
is  as  close  as  could  be  expected  for  three  different  specimens  of  the 
same  rockmass.  In  fact  it  is  difficult  to  escape  the  conviction  that  the 
rocks  from  both  Upper  and  Lower  Quinnesec  Falls,  like  that  from  Stur- 
geon Falls,  were«once  diallage-plagioclase  aggregates  or  gabbros ;  and 
yet  if  this  be  true,  we  are  compelled  to  assume  either  that  the  original 
diallage  passed  by  paramorphism  into  compact  brown  hornblende  be- 
fore reaching  its  present  state ;  or  that  the  original  rock  was  a  horn- 
blende gabbro  in  which  both  bisilicate  constituents  passed  finally  into 
pale  fibrous  hornblende,  although  this  process  progressed  much  more 
slowly  with  the  hornblende  than  with  the  pyroxene. 

The  feldspathic  component  of  this  rock  (No.  11054)  is  determined  by 
the  analysis  to  be  hibradorite,  as  was  also  found  to  be  the  case  in  the 
corresponding  specimens  from  tlie  other  localities. 

Two  other  specimens  of  this  same  rock,  No.  11061,  from  the  Michi- 
gan side  of  the  falls,  and  No.  11073,  from  a  point  above  the  falls, 
marked  jp  on  Major  Brooks's  map,  are  essentially  the  same  as  the  one 
just  described.  Both  are,  however,  more  altered  and  both  show,  in  a 
still  greater  degree,  theeffects  of  pressure  upon  the  constituent  minerals. 
In  No.  IIOOI  a  good  deal  of  quartz  is  present,  always  penetrated  by 
delicate  needles  and  tufts  of  hornblende.  The  largest  areas  of  this 
quartz  form  a  rather  coarse  grained  mosaic  and  look  as  though  they 
had  been  deposited  as  a  pseudomorph  after  some  former  constituent. 
Some  colorless  chlorite  is  also  present  in  this  section,  having  been  de- 
rived from  the  alteration  of  the  hornblende.  The  feldspar  of  No. 
1 1073  is  colorless,  and  has  been  fissured,  broken,  and  even  crushed  in  a 
suri)rising  manner.  As  a  result,  the  saussuritization  of  this  mineral  has 
hardly  more  than  commenced,  in  spite  of  the  advanced  state  of  altera- 
tion observable  in  the  hornblende.  One  hornblende  section  in  this 
slide,  cut  nearly  perpendicular  to  the  vertical  axis,  shows  a  very  sharp 
line  of  demarcation  between  the  interior,  dark  brown  portion  and  the 
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colorless  l)eripberal  zone.  This  resembles  somewliat  tbe  secondary  horu-^ 
blende  enlargements  recently  described  by  Van  Hise,'  but  1  can  not 
regard  this  particular  ciise  as  due  to  anything  but  exterior  bleaching. 

Nos.  11056  and  11057,  from  the  Wisconsin  side  of  the  fall,  illustrate 
the  passage  of  this  pale  diorite  into  schistose  vjirieties,  as  described  at 
Lower  Quiunesec  Falls.  The  former  specimen,  though  macroscopically 
still  quite  massive,  has  lost  the  distinctness  of  its  structure.  Under  the 
microscope  this  is  seen  to  be  due  to  crushing  and  attendant  chemical 
changes.  Tbe  feldspar  is  almost  pulverized,  but  has  otherwise  un- 
dergone but  little  change.    A  few  of  the  larger  crystals  hav^e  been  merely 

cracked  and  faulted  as  shown  in  Fig. 
11.  The  hornblende  is  very  largely 
changed  to  a  colorless  chlorite. 
Where  one  of  tbe  hornblende  crj-^- 
tals  has  been  broken  and  sheared, 
chlorite  is  seen  to  have  been  devel- 
oped in  parallel  fibers.  This  fur- 
nishes an  admirable  microscopic  illus- 
tration of  how  the  schistose  band.s 
are  formed  by  pressure  in  tbe  rock- 
mass  as  a  whole.  (See  also  Fig.  22,  jn 
128.)  Just  below  the  falls  this  rock 
becomes  broken,  gashed,  and  seamed 
with  narrow,  parallel  veins  of  lamel- 
lar minerals.  These  gradually  in- 
crease to  bands,  which  finally  com- 
pose the  main  portion  of  the  rock.  There  can  remain  no  doubt  in  the 
mind  of  anyone  who  will  carefully  study  this  exposure,  that  these  schis- 
tose bands  have  been  produced  in  the  massive  rock  by  the  action  of 
pressure,  along  lines  where  there  has  been  a  shearing  motion. 

*  Xo.  11057  is  from  one  of  the  schistose  bands  in  No.  11056.  The  micro- 
scope shows  it  to  be  composed  of  a  fine  mosaic  of  quartz  and  feldspar  (?) 
grains,  made  schistose  by  parallel  fibers  of  serpentine  and  chlorite. 

At  and  just  below  the  engine  house  on  the  Michigan  side  of  Upper 
Quinuesec  Falls  is  another  exposure  which  illustrates  the  gradual 
passage  of  these  light  colored,  massive  greenstones,  into  silvery,  hydrous 
schists,  similar  to  those  described  as  occurring  just  below  Lower  Quin- 
nesec  Falls. 

No.  11065  is  a  very  light  colored,  although  nearly  massive,  rock,  seen 
in  situ  in  a  wall  behind  the  engine  bouse.  It  is  composed  of  much 
crushed  and  faulted  feldspar  of  the  above  described  brown  variety, 
together  with  colorless  isotropic  chlorite.  There  is  also  some  of  tbe 
quartz  albite  mosaic,  though  this  is  not  abundantly  developed,  with  a 
little  iron  oxide.  There  is  no  parallelism  in  the  arrangement  of  the 
constituents  which  would  tend  to  produce  a  schistose  structure. 


Fig.  11.— Fanlted  feldspar  crystal  iu  oruohed 
greenatoue  (No.  11056)  frooi  Upper  Qainnesco 
Falld.  Nicola  crossed;  magnified  30  diamo> 
tera. 


'  Am.  Jour.  Sci.,  3tl  nerios  vol.,  33,  1887,  p.  385. 
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No.  1I0G6  is  from  the  samo  rock- wall  as  the  last  specimen  and  is  un- 
doubtedly continuous  with  it.  It  is  decidedlj^  schistose,  and  is  com- 
posed wholly  of  a  granular  mosaic,  with  both  sericite  scales  and  a  col- 
orless chlorite.    There  are  the  finest  microscopic  rutile  crystals  in  this 

rock  that  were  encountered  in  any 
specimensfromtheMenominee  region. 
These  crystals  are  simple  individuals, 
twins  and  trillings  showing  a  great 
variety  of  form.  A  few  are  repre- 
sented in  the  accompanying  figure. 
They  are  grouped  together  or  ar- 
ranged in  lines  or  strings  which  fol- 
low the  direction  of  the  schistosity. 
As  in  other  similar  instances  before 
described  from  the  Lower  Falls,  they 
appear  to  have  originated  from  the 
alteration  of  the  ilmenite  of  the  mas- 
sive rock. 
Just  below  the  engine-house  similar 
sericite  schists  are  exposed  (No.  11067  ^)  which  contain  green  chlorite  in 
spots  and  appear  to  grade  into  typical  dark  green  chlorite  schists  (No. 
11068).  These  rocks  are  mentioned  by  Major  Brooks  at  the  exposures 
marked  on  his  map  x  and  y^.  These  dark  green  schists  are  like  those 
which  originate  from  the  alteration  of  the  dark  colored  diabases,  and 
their  appearance  probably  marks  the  commencement  of  the  belt  of  these 
rocks  which  skirts  the  basin  below  the  Falls. 


Fio.  12*— Kntilo  ne<Mllt'M  ill  Xo.  llUJCmaj^nifieil 
350  tUaineters. 


THE  COARSR  GRAINED  DI0RITR8  OF  THE  HORSE  RACE. 

The  half  mile  of  comparatively  quiet  water,  navigable  by  a  small 
boat  or  canoe,  immediately  above  the  Upper  Quinnesec  Falls  is  bordered 
mostly  by  massive  or  schistose  greenstones  of  the  dark  type  similar  in 
all  respects  to  the  rocks  of  this  kind  which  have  been  studied  at  sev- 
eral other  localities  on  the  Menominee  Kiver.  They  are  interspersed 
with  bands  of  gneissoso  rock,  identical  with  those  yet  to  be  de- 
scribed. 

The  narrow  gorge  known  as  the  Horse  Race,  through  which  the  river 
flows  for  a  mile  or  more,  has,  however,  been  excavated  through  rocks 
of  a  quite  different  character.  These  are  for  the  most  part  coarse 
grained  diorites,  penetrated  by  bands  of  granitic  and  gneissic  rocks 
which  will  receive  special  consideration  in  the  following  section. 

Typical  specimens  of  these  coarse  grained  diorites  are  Nos.  11077  and 
11093  from  the  Wisconsin,  and  Nos.  11182,  11183,  11185,  and  11186 
from  the  Michigan «ide  of  the  rapids. 

The  macroscopical  appearance  of  these  rocks  is  often  that  of  an  almost 


^This  rock  woh  callod  by  H.  Creilnor  "talcschiBt"  in  1860  (Zeitschr.  Deutsch.  geol.  Gesell.,  vol. 
21,  p.  529).  It  was  described  in  1876  by  Wichniann,  who  gives  seven  reasons  for  regarding  the  serieito 
schists  as  of  fragiuental  origin.    (Gool.  Wisconsin,  vol.  3,  p.  638.) 

•Ibid.,  1.  pp.  473,474. 
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aiiiforiuly  gray  raas»s,  iu  which  the  large  and  frcM]iicntly  ^listeuiiig  horn- 
blende crystals  are  not  at  first  glance  very  apparent.  This  color  is  due 
to  the  alteration  of  the  feldspar,  in  which  new  minerals  are  largely  de- 
veloped. An  opaque,  white  feldspar,  or  rather  saussurite,  is,  however, 
often  visible.  This  is  sometimes  in  the  form  of  rounded  or  oval  areas 
which  represent  the  centers  of  crystals  that  have  turned  gray  around 
their  edges;  sometimes  in  the  form  of  the  original  feldspar  crystals 
themselves,  and  again  iu  sharp  contrast  with  the  dark  green  horn- 
blende. The  grain  of  these  rocks  varies  extremely,  but  is  rarely  fine. 
The  form  of  the  different  constituents  is  always  visible  to  the  naked 
eye }  and,  in  some  instances  (No.  11192),  these  measure  from  one  to 
two  inches  in  diameter. 

Aside  from  the  unusual  coarseness  of  their  grain,  the  rocks  of  the 
Horse  Race  difter  from  the  other  greenstones  of  the  Menominee  in  fre- 
quently containing  biotite.  Another  striking  contrast  is  presented  in 
the  almost  universal  presence  of  talc.  This  mineral  has  without 
doubt  originated  from  the  hornblende,  and  has  wandered  from  it 
into  the  feldspar.  It  is  scattered  everywhere  through  the  rock  in 
minute,  silvery,  glistening  scales,  and  it  coats  all  cracks  and  fissures. 
The  surface  of  the  hornblende  crystals  is  also  frequently  spotted  with 
it.  The  nature  of  this  mineral  as  talc  is  easily  determined  by  both  op- 
tical and  chemical  means.  Under  the  microscope  it  is  of  a  pale  green 
color,  resembling  muscovite-iu  its  cleavage  and  brilliant  interference 
colors,  but  with  a  small  optical  angle  and  negative  character.  It  is 
infusible  and  not  attacked  by  acids,  while  microchemical  tests  show 
that  it  is  destitute  of  both  alumina  and  alkalies. 

The  structure  of  the  Horse  Race  rocks  is  that  of  the  second  kind 
mentioned  by  Rosenbusch  as  occurring  in  diorite,^  i.  e.,  that  conditioned 
by  the  feldspar  having  crystallized  before  the  hornblende.  The  latter 
component  is  plainly  allotrimorphic,  like  the  pyroxene  in  diabase, 
while  the  feldspar  has  a  well  developed  form  of  its  own.  (PI.  XII, 
fig.  2.)  The  hornblende,  although  comparatively  compact  and  homo- 
geneous over  considerable  areas,  nevertheless  conveys  the  imi)ression 
of  being  of  secondary  origin.  It  has  a  pale  green  color,  slightly  darker 
toward  the  edge,  and  is  externally  frayed  out  into  a  fringe  of  radiat- 
ing actinolite  fibers,  which  wander  along  the  cracks  in  the  feldspar. 
(Ko.  11186;  see  PI.  XII,  fig.  2.)  In  some  sections — notably  in  Ko. 
11185 — large  portions  of  the  hornblende  have  become  wholly  chanjjed 
to  a  felt-like  network  of  minute  fibers.  These  characters,  together 
with*the  shape  of  the  hornblende  individuals,  convey  the  impression 
that  they  have  been  derived  from  pyroxene.  While,  therefore,  it  is 
impossible  to  prove  it  with  certainty,  it  is  difficult  to  escape  the  con- 
viction that  these  rocks  were  originally  coarse  grained  gabbros  or 
diabases. 

The  feldspar  shows  in  almost  every  instance  a  broa<l  twinning  stria- 


'  MikrOB.  Phyflio^.,  2fl  ed.,  vol.  2,  p.  121. 
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tion,  although  this  is  more  or  less  obscured  by  chemical  changes.  In 
one  specimen  (No.  11182)  there  is  a  brown  feldspar  which  is  perfectly 
preserypd  around  the  periphery  of  the  crystals,  while  their  interior  is 
changed  to  saussurite.  In  other  cases  (Nos.  11093  and  11185)  the  feld- 
spar is  largely  changed  to  saussnrite,  with  whicli  is  mingled  a  good  deal  of 
actinolite  and  some  biotite.  In  the  latter  case  clear  areas  of  brilliantly 
polarizing  talc  are  quite  abundant.  In  Nos.  11077  and  11186  the  white 
or  colorless  feldspar  is  comparatively  well  preserved,  but  it  is  filled  with 
pale  green  actinolite  needles  and  some  little  biotite,  which  appear  to 
have  wandered  intcf  it  from  the  hornblende.  In  these  rocks  the  amount 
of  saussurite  is  inconsiderable. 

Brown  biotite  is  not  infrequently  an  important  constituent  of  these 
rocks.  It  is  especially  abundant  in  No.  11077.  Although  sparingly 
scattered  through  the  feldspar  like  the  actinolite,  it  is  mainly  to  be 
found  in  close  association  with  the  hornblende,  with  which  or  out  of 
which  it  seems  to  have  been  developed  by  secondary  processes. 

Other  specimens  represent  exceptional  varieties  of  the  Jlorse  Race 
diorites.  r 

No.  11091,  from  the  Wisconsin  bank  of  the  stream,  shows  the  feld- 
spar wholly  changed  to  a  compact  aggregate  of  epidote  grains.^  The 
hornblende,  which  is  in  sharp  crystals,  presents  its  usual  appearance 
and  characteristics.  The  epidote  is  so  light  colored  that  it  might 
easily  be  mistaken  at  first  glance  for  feldspar  in  the  hand-specimen. 
The  microscope,  however,  at  once  shows  its  true  character.  The  inter- 
ference colors  of  the  closely  interlocking  grains  present  a  brilliant 
appearance.  No  trace  of  the  original  feldspar  remains.  Only  an  occa- 
sional grain  of  calcite  or  quartz  interrupts  the  continuity  of  the  epidote. 
Epidote  is  not  an  unusual  secondary  product  in  feldspar,  although  such 
perfect  pseudomorphs  of  this  mineral  as  are  here  present  are  rare.^ 

Still  other  specimens  show,  in  a  marked  degree,  the  effects  of  dy- 
namic metamorphism  upon  the  Horse  Race  rocks.  No.  1I1S9,  from  the 
head  of  the  rapid,  on  the  Michigan  side,  has  a  pronounced  gneissic 
structure.  Its  hornblende  is  of  the  usual  character,  sometimes  in  com- 
pact crystalloids  of  large  size,  sometimes  in  a  fibrous  aggregate,  but 
almost  always  much  twists,  bent,  or  broken.  The  feldspar,  in  some 
instances,  is  completely  changed  to  an  aggregate  of  epidote  crystals,  as 
in  the  rock  last  described ;  in  others,  it  merely  has  minute,  highly  re 
fracting  epidote  grains  more  or  less  abundantly  developed  in  it  (saus- 
snritization).  These  are  often  accompanied  by  rhombic  dodecahedra 
of  a  colorless  garnet.^  Other  of  the  feldspar  individuals  show  a  me- 
chanical rather  than  a  chemical  alteration.    There  is,  in  some  cases,  a 


I  A  not  nnnsual  alteration  according  to  Uotli ;  AUgomeino  uDd  cheniische  Gcologie,  vol.  1, 1879,  p.  321. 

'Cohcu  meDiions  such  a  perfect  transfonuatlou  of  foldapar  to  epidote  iu  the  diorite  which  forniH  tho 
bane  of  the  ialuDd  Paliua.  Neues  Jahrbuch  fi'ir  Mineral.,  1876,  p.  751.  Rosenbuach  also  mentions  them 
iu  diorites  from  the  Vosges  Mountains.    Mikros.  Physiog.,  2d  ed.,  vol.  2,  p.  103. 

'  lloaenbuach :  Mikros.  Physiog.,  2d  <;d.,  vol.  2,  p.  136.  Paul  Michael  finds  one  of  the  two  varie* 
ties  of  saussurite  in  the  gabhro  of  Wojalcite,  Fichtelgobirgo,  composed  of  a  lime-alumina  garnet  and 
serpentine.    Neuea  Jahrbuch  fiir  Mineral.,  1888,  vol.  1,  p.  39. 
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I)eripheral  granulation  (randliche  kataklase)  producing  the  "mortar 
structure^  (Mortel-Structur  of  Tornebohm).  In  other  cases  there  is  a 
complete  reduction  of  the  whole  feldspar  crystal  to  a  granular  mosaic, 
while  in  still  others  there  is  only  a  separation  into  large,  interlocking, 
and  but  slightly  disturbed  areas.  Fine  veins  of  epidote  not  infrequently 
traverse  these  feldspar  crystals.  A  point  of  mineralogical  importance 
connected  with  this  rock  is  the  evidence  it  affords  of  the  alteration  of 
ilmenite  into  sphene.  The  usual  alteration  product  of  this  mineral, 
leacoxene,  is  now  generally  believed  to  belong  to  this  species,  but  it  is 
rare  to  find  the  crystalline  form  of  the  sphene  so  typically  developed  as 
in  this  section.  The  mineral  is  of  a  grayish  brown  color  and  nearly 
opaque,  like  the  secondary  leucoxene  which  surrounds  ilmenite.  It 
polarizes  with  dull  colors,  but  there  is  no  mistaking  its  nature  on  ac- 
count of  its  characteristic  form.    (PI.  XIII,  fig.  1.)' 

No.  11078,  collected  on  the  Wisconsin  side  of  the  river,  just  below 
the  Horse  Bace,  is  perfectly  continuous  with  No.  11077,  above  described, 
and  represents  a  phase  of  this  rock  produced  by  the  action  of  intense 
pressure.  The  hornblende  is  almost  wholly  changed  to  an  aggregate 
of  weakly  polarizing  fibers,  which,  according  to  the  descriptions  of 
Bosenbusch,  are  perhaps  best  regarded  as  of  a  serpentinous  nature. 
These  twine  in  and  around  the  feldspar  so  as  to  produce  a  sort  of 
"  Flaser"  structure.  The  feldspars  themselves  are  sometimes  reduced  to 
a  mosaic ;  but  sometimes  they  have  only  a  peripheral  granulation.  Much 
of  the  biotite  of  the  unaltered  rock  remains  among  the  alteration  prod- 
ucts of  the  hornblende.  The  iron  ore  has  been  drawn  out  into  sinuous 
stringers  which  follow  the  direction  of  the  foliation. 

No.  11191  was  taken  from  a  wavy  schistose,  chloritic  band  .  on  the 
Michigan  side  of  the  Horse  Bace.  It  has  a  strike  30^  E.  of  N.,  and 
traverses  a  coarse  grained  massive  greenstone,  into  which  it  passes  by 
insensible  gradations.  In  this  rock  there  is  considerable  hornblende, 
which  is  seen  in  the  process  of  transformation  to  a  fibrous,  yellow  ser- 
pentine. The  feldspar  is  of  the  reddish  brown  variety  and  has  under- 
gone granulation  around  the  edge.  This  has  been  accompanied  by  the 
production  of  quartz  and  calcite.  In  a  large  area  of  the  latter  mineral 
there  are  crystals  of  a  substance  whose  exact  nature  could  not  be  de- 
termined. It  hiis  the  bluish  interference  colors  of  zoisite,  a  parallel 
extinction  and  a  biaxial  interference  figure.  It  is  also  changing  to  the 
same  yellow  serpentine  as  the  hornblende.  The  sepentine  penetrates 
and  traverses  it  as  it  does  crystals  of  olivine.  Chlorite  is  also  a  frequent 
component  of  this  rock. 

Nos.  11080  and  11195  are  exceptionally  fine  grained  greenstones,  the 
former  from  the  foot  and  the  latter  from  the  head  of  the  Horse  Bace. 
Both  are  composed  essentially  of  actinolite,  feldspar,  quartz,  and  epi- 
dote, and  resemble  in  their  microscopical  appearance  and  structure  the 


*Schenck  observedTthe  titanic  iron  entirely  replaced  by  sphene  in  a  aohistose  diabaae  from  the 
opper  Bahr  Valley.    luaagnral  Dissertation,  Bonn.  1884,  p.  57. 
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typical  so-called  "  crystalline  schists."  Still  the  former  is  massive  and 
cuts  across  the  strike  of  schistose  rocks  like  a  dike,  while  the  latter  is 
decidedly  schistose.  No.  11195  contains  minate  and  sharp,  dark  brown 
sphene  crystals,  which  appear  to  have  originated,  like  those  in  No. 
11!  89,  from  the  alteration  of  ilmenite. 

TUE  ACID  ROCKS  OK  UPPER  QUINXESEC  FALLS  AND  THE  HORSE  RACE. 

Among  the  rocks  to  be  found  in  the  neighborhood  of  the  Upper  Qain- 
nesec  Falls  and  Horse  Eace  are  those  of  an  acid  type.  They  occur  in 
bands  of  varying  width,  which  generally,  but  not  always,  conform  to 
the  foliation  of  the  greenstones.  These  acid/rocks  are  sometimes  mass- 
ive granites  without  a  trace  of  schistose  structure ;  sometimes  gneisses 
with  a  "Plaser''  or  ''Augen"  structure,  and  sometimes  finely  banded  and 
schistose  rocks  like  the  Saxon  granulites.  Whenever  these  bands  show 
any  indications  of  schistose  structure  this  seems  to  be  conformable  to 
the  cleavage  of  the  adjoining  greenstones,  without  reference  to  what 
the  direction  of  the  band  itself  may  be.  Inasmuch,  however,  as  these 
two  directions  generally  coincide,  it  is  not  common  that  the  foliation  of 
the  acid  bands  makes  any  angle  with  their  sides.  Such  Instances  were 
nevertheless  occasionally  found,  and  they  have  a  very  important  bear- 
ing on  the  genesis  of  these  rocks  and  on  their  relation  to  the  green- 
stones which  surround  them. 

An  inspection  of  the  published  geological  maps  of  the  region  sonth 
of  Lake  Superior^  will  show  that  immediately  south  of  the  portion  of 
the  Menominee  Eiver  under  discussion  there  is  an  enormons  area  of  a 
typical  granite.  Major  Brooks,  in  his  report  on  the  Menominee  dis- 
trict, thinks  that  this  granite  may  very  possibly  be  of  eruptive  origin, 
but,  whether  so  or  not,  that  it  certainly  overlies  and  penetrates  ("in 
veins^)  the  upper  members  of  the  greenstone  series.*  Since,  however, 
he  regards  the  greenstones  as  occupying  the  upper  portion  of  the  Hu- 
rouian  formation,  he  is  compelled  to  assume  that  the  granite  represents 
its  youngest  member  and  hence  he  designates  it  as  the  "Huronian 
granite.''    (See  profile,  Fig.  2.) 

Without  entering  in  this  place  into  a  discussion  of  the  stratigraphical 
relationships  of  these  rocks,  it  may  at  least  be  stated  with  certainty 
that  this  granite  does  penetrate  the  greenstones  in  the  form  of  dikes 
and  apophyses,  especially  where  the  main  mass  approaches  nearest  to 
the  river.  This  point  is  about  half  a  mile  south  of  the  Horse  Bace,  as 
may  be  seen  by  Major  Brooks's  section  and  map  of  this  region  \  Here 
the  typical,  coarse  grained  and  somewhat  porphyritic  granite  appearH 
in  a  high  ridge. 

The  adjacent  greenstones  and  greenstone  schists  do  not  here  materi- 
ally differ  from  those  at  Upper  Quinnesec  Falls.    They  strike  nearly  east 


>Ge4il.  Wisconain,  vol.  3,  atlas.  I'l.  XXVIII;  Mon.  U.  S.  Geol.  Sun'ey,  voL  6,  PL  I;  FiftU  Anu, 
Kept.  U.  S.  Gool.  burvej',  PI.  XXI t. 
»Geol.  Wisconsin,  vol.  3,  pp.  452,  531,  71».  »lbid.,  PI.  lU^  p.  472. 
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and  west  and  dip  to  the  south.  Near  the  granite  contact  they  are  filled 
with  dikes  of  all  sizes,  evidently  offshoots  from  the  main  granite  mass 
(Nos.  11105  to  11107).  These  dikes,  when  small,  are  fine  grained  and 
felsitic,  but  when  larger  their  texture  is  coarser  and  they  have  fre- 
quently a  well  developed  schistose  structure  parallel  to  that  of  the  ad- 
joining schists.  After  a  careful  examination  of  this  locality  and  of  the 
exposures  between  it  and  the  river,  there  is  no  doubt  in  the  writer's 
mind  that  the  granite,  ^^Augengneiss,"  biotitic  gneiss,  and  schistose 
porphyry  (or  "pori)hyroid,"  as  Credner  calls  this  rock)  visible  near  the 
Upper  Quinnesec  Falls  and  along  the  Horse  Eace,  are  also  dikes  or 
aphophyses  connected  with  the  main  southern  granite  area.  The  schis- 
tose or  banded  structure  of  these  rocks,  when  such  exists,  is  a  secondary 
feature,  produced  by  the  same  dynamic  agencies  which  rendered  the 
greenstones  themselves  schistose. 

An  intelligent  study  of  these  acid  rocks  should  begin  with  an  exami- 
nationof  the  massive  granite  from  the  large  area  south  of  the  Menominee. 
No.  11104  was  collected  near  the  contact,  about  half  a  mile  south  of  the 
Horse  Bace,  where,  after  appearing  in  numerous  dikes  in  the  green- 
stone, the  solid  mass  of  granite  appears  in  an  abrupt  wall,  trending  N. 
80^  E.  This  rock  appears  in  a  hand-specimen  to  be  a  typical,  coarse 
grained  grauitite,  with  a  decided  tendency  to  a  porphyritic  structure. 
The  latter  feature  may,  however,  be  due  to  the  nearness  of  this  locality 
to  the  contact.  When  examined  under  the  microscope,  the  macroscopic 
diagnosis  is  found  to  be  correct  and  several  additional  points  of  interest 
are  brought  to  light.  The  oldest  constituents  are  zircon  and  apatite; 
l)oth  quite  abundant  in  the  form  usual  in.  granitic  rocks.  Iron  oxide 
seems  to  be  almost  absent  as  an  original  constituent,  though  it  is  found 
in  some  of  the  altered  micas.  The  biotite,  the  only  mica  present,  is  not 
abundant.  It  is  invariably  bleached  to  a  green  color  by  the  reduction 
of  its  iron  to  the  ferrous  state.  ~  It  contains  abundant  inclusions  of  apa- 
tite, zircon  (around  which  are  pleochroic  aureoles),  and  some  secondary 
magnetite.  Ko  trace  of  either  hornblende  or  pyroxene  was  observed. 
Sphene,  however,  is  present,  as  are  also  a  few  sharp  crystals  of  a  dark 
grayish  bine  tourmaline.  The  principal  interest  of  this  rock  attaches  to 
its  feldspar  and  quartz.  They  together  make  up  nearly  the  whole  mass 
and  exhibit,  in  a  remarkable  degree,  the  effects  of  pressure.  The  feldspar 
is  of  three  kinds :  nonnal  plagioclase  (oligoclase),  unstriated  orthoclase, 
and  microcline.  The  relationship  of  these  species  of  feldspar  is  a  sug- 
gestive one.  Both  the  oligoclase  and  the  orthoclase  are  always  altered 
to  a  fine  micaceous  or  kaolinitic  product  which  is  particularly  abundant 
la  the  center  of  the  crystals,  a  zone  of  the  unaltered  mineral  being  often 
X)reserved  around  the  edge.  The  microcline,  on  the  other  hand,  almost 
never  shows  any  indication  of  alteration. 

It  is  always  clear  and  fresh  in  appearance,  but  its  twinning  lamellae 
are  l)ent  or  curved  and  bear  every  sign  of  having  been  secondarily  de- 
veloped.^   In  other  words,  we  have  here  again,  in  the  writer's  opinion, 

'Roseobnsch,  Mikroa,  Pliyaiog.,  2d  cd.,  vol.  2,  p.  295. 
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a  striking  example  of  the  mechanical  action  apparent  in  the  feldspar,  be- 
ing inversely  proportional  to  the  chemical  action  which  has  gone  on  in  it. 
Original  orthoclase  has  been  converted  partly  into  kaolin,  partly  into 
microcline,  according  to  the  way  in  which  the  action  of  the  force  mani- 
fested itself.  The  eflfect  of  the  force  which  acted  upon  this  rock  is  also 
apparent  in  other  ways.  The  large  original  feldspar  crystals  show  a 
peripheral  granulation  (see  Chapter  I,  p.  49),  and  where  they  have  been 
fissured  their  cracks  are  filled  with  a  new  crystallization  of  plagioclase, 
orthoclase,  and  quartz.  None  of  these  minerals  shows  any  signs  of 
chemical  alteration  and  microcline  is  never  to  be  found  among  them. 
Thus  is  produced  a  good  example  of  what  Tornebohm  has  called  a  mor- 
tar structure  ("Mi)rtel-Structur")^  In  this  secondary  cement-like  ag- 
gregate, a  micropegqaatitic  intergrowth  of  quartz  and  feldspar  is  quite 
common,  and  calcite,  in  good-sized  individuals,  is  by  no  means  rare. 

The  original  quartz  of  this  granite  also  shows  many  indications  of 
having  been  squeezed.  The  crystals  or  grains  often  have  an  undulatory 
extinction,  while  larger  grains  are  broken  and  the  fragments  are  more 
or  less  displaced.  Proof  that  these  were  not  originally  different  grains  is 
given  in  section  No.  11104,  where  a  small  tourmaline  crystal  is  broken 
and  faulted  just  at  the  contact.^  (See  Fig.  13).  No.  11105  is  a  speci- 
men of  the  prevailing  rook  near  the 
granite  contact.  This  is  a  hornblende 
schist,  composed  mainly  of  irregular 
grains  of  dark  green  hornblende  and 
quartz.  There  are  beside  some  «tri- 
<a ted  and  some  unstriated  feldspars, 
a  little  sphene  and  an  abundance  of 
extremely  sharp  and  clear  epidoto 
crystals.  The  banding  of  this  rock 
is  caused  by  the  preponderance  of 
hornblende  in  some  layers  and  of 
quartz  in  others.  Its  utrike  is  nearly 
east   and  west  and  its  dip  75^  to 

F.r..l3.-BrokentourmaUno crystal  proving  ^^"^  tO  thC  SOUth.  Under  the  micrO- 
the  Hecoiulary  fracture  oftho  inclosing  quart z      SCOpC    all     Of     the     COnstitUCntS     by 

grain. -Horse Race"  granite.  No.  11104.  ^^^.j.  ^.^tremc  freshucss  and  frecdom 

from  all  inclusions  convey  the  impression  of  being  secondary  crystal- 
lizations. The  texture  of  the  rock  is  granular,  although  the  epidote 
is  present  either  in  exceedingly  sharp  crystals  (which  often  pass 
unbroken  from  one  quartz  grain  into  another)  or  in  much  more 
minute,  ovoid  granules,  forming  the  little,  highly  refracting  particles 
which  are  so  common  in  the  crystalline  schists.  No.  11107  was 
taken  from  one  of  the  wider  of  the  numerous  acid  dikes  which  pene- 

*N&graor(lom  granit  och  gneis.  Geol.  Fiiren.  Stockholm  Forhandl.,  1880-'81,  vol.  5,  p.  233,  (ref. 
.Neues  Jahrbach  fiir  Mineral.,  1881,  vol.  2,  Referate,  p.  51;  and  Rosenbusch,  Mikros.  Physiog.,  2d  ed., 
vol.2,  p.  42.) 

'Compare  Dr.  Chelius's  remarks  on  the  Hessian  granite-porphyries,  Notisblatt  des  Vereins  filr  £rd. 
kunde  zu  Darmstadt,  1883. 


wauuis.!         GKANITE    GNEISSES    OF   THE    "  HORSE    RACE."  113 

trato  the  last  described  horubleude  schist  in  the  nei^hboriiood  of  the 
granite  contact.    It  has  a  decidedly  gneissic  structure  parallel  to  tlie 
baodinjir  of  the  inclosing  schist,  which  is  here  also  the  direction  of  this 
band  or  dike.    The  microsco[>e  shows  that  the  mineral  composition  of 
this  rock   is  identical  with  that  of  the  coarse   granite  (No.   11104). 
There  is  the  same  zircon,  sphene,  and  tourmaline  associated  with  the 
biotite,  feldspar,  and  quartz.     The  differences  are  the  gneissic  structure, 
fineness  of  grain  and  absence  of  all  porphyritic  structure  in  the  dike 
rock,  while  none  of  its  constituent  minerals  show  the  chemical  altera- 
tion which  has  progressed  so  far  in  the  massive  granite.    Both  the 
biotite  and  the  feldspar  are  quite  fresh,  the  rich  brown  color  of  the  for- 
mer contrasting  with  green  and  bleached  mica  above  described. 

After  the  foregoing  review  of  the  character  of  the  acid  rocks  at  and 
near  the  graiute  contact,  we  are  in  a  much  better  condition  to  under- 
stand the  occurrence  of  the  bands  of  gneiss  and  porphyroid  near  the 
Upper  Quinnesec  Falls,  which  were  observed  by  Major  Brooks  and  Prof. 
Pnmpelly.*  If  we  now  examine  some  of  the  most  typical  of  these  ex- 
posures with  care,  we  shall  find  that  they  are  quite  identical  with  the 
rocks  which  we  have  just  been  considering. 

On  the  lower  side  of  a  small  cove  which  indents  the  Wisconsin 
river  bank  immediately  below  the  Horse  Race  there  is  a  narrow  band 
of  acid  rock  well  exposed  on  the  shore.  The  center  of  this  band  is  com- 
posed of  a  massive,  gray  colored,  porphyritic  rock  resembling  a  granite 
(No.  11082).  This  grades  on  both  sides  imperceptibly  into  a  well  char- 
acterized, fine  grained  gneiss  (No.  11085),  which  in  places  is  so  finely 
banded  as  to  resemble  some  of  the  Saxon  granulites  (No.  11084).  The 
foliation  of  this  exposure  is  nearly  vertical  and  seems  to  be  quite  par- 
allel to  the  sides  of  the  band,  which  itself  makes  only  a  slight  angle  with 
the  cleavage  of  the  adjoining  greenstones. 

No.  11082  was  collected  from  the  central  and  most  massive  portion 
of  this  acid  band.  Macroscopically  the  rock  appears  to  be  a  tyi^ical 
granite  porphyry,  nor  does  the  examination  of  a  thin  section  with  the 
microscope  reveal  anything  opposed  to  this  determination.  The  follow- 
ing analysis  of  the  rock,  however,  made  by  Mr.  R.  B.  Riggs,  shows  that 
this  rock  is  in  reality  a  diorite : 

Silica  (SiO,) : 54.83 

•   Alamiua  (AI4O3) 25.49 

Ferric  oxide  (Fe^Os) 1.61 

Ferroas  oxide  (FeO) 1.65 

Limo  (CaO) 6.08 

Magnesia  (MgO) 1.96 

Soda(Na20) 5.69 

Potash  (K3O) 1.87 

Water  (H«0) 1.18 

Carbou  dioxide  (CO.) 18 

Total 100.54 

»Oool.  Wiaconsin,  vol.  3,  p.  474. 
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The  microscox)e  discloses  good-sized  crystals  of  a  striated  and  zonally 
formed  feldspar  embedded  in  a  granular  mosaic  of  clear,  colorless,  aiK 
nnstriated  grains  associated  with  brown  ieaflet  of  biotite.    Apatite 
zircon,  and  a  reddish  pleochroic  sphene  are  also  present  in  small  crys 
tals.    In  spite  of  this  rock  showing  no  indication  whatever  of  alten 
tion,  it  contains  calcite  in  considerable  quantity.    This  mineral  appai 
ently  penetrates  and  includes  all  the  other  constituents  in  a  manni 
which  has  led  Hawes,^  Tornebohm,-*  aud  Chrustschoff,'  to  regard 
under  similar  circumstances  as  a  product  of  the  original  crystallizatioi 
In  one  section  of  the  present  rock  sharply  de^ed  sphene  crystals  wei 
observed  wholly  surrounded  by  the  calcite.    Nevertheless  the  presem 
of  this  carbonate  in  the  fresh  rock  is  to  be  explained,  as  Ilo8enbus^c=: 
suggests,  by  the  filling  up  of  drusy  or  miarolitic  cavities,* 

The  rock  appears  both  maeroscopically  and  microscopically  to  be 
granite  porphyry  with  a  microgranitic  groundmass.  The  analysis,  ho 
ever,  shows  it  to  be  largely  composed  of  a  feldspar  of  the  andesL 
series,  and  this  is  also  indicated  by  a  further  examination.  The  coI« 
less  grains  of  the  groundmass,  in  spite  of  their  limpid  character  sw 
superficial  resemblance  to  quartz,  give  in  converged  polarized  light  t: 
brush  or  hyperbola  of  a  biaxial  crystal.  In  the  Thoulet  solution  t: 
colorless  portion  of  the  powder  fell  between  2.683  and  2.650,  a  las 
proportion,  however,  being  confined  between  the  limits  2.668  and  2.(>^^^i 
A  small  proportion  possessed  exactly  the  specific  gravity  of  quaiTC^:^ 
so  that  it  is  impossible  to  say  with  certainty  whether  this  mineral  i 
present  in  the  groundmass.  The  relative  proportions  of  silica  a»^af 
alumina,  however,  as  given  by  the  analysis,  make  this  improbable.  V^i"* 
must  describe  this  rock  as  a  very  pure  type  of  a  micadiorite  porph>^^*'J 
whose  groundmass  is  composed  of  a  mosaic  of  clear  unstriated  lixiK^^- 
soda  feldspar,  probably  andesine. 

The  two  specimens  (Nos.  11084  and  11085),  taken  from  the  gneisfi^^^ 
portion  of  this  exposure,  when  seen  under  the  microscope,  closely  r^-^- 
semble  the  groundmass  of  the  diorite  porphyry  just  described.    Tt^® 
chief  difference  is  in  the  banded  appearance,  produced  by  the  parall^^^ 
arrangement  of  the  grains,  and  especially  of  the  mica  plates.    This  f  ^ 
most  pronounced  in  l^o.  11084,  where  the  mica  is  collected  in  certai^-^ 
layers  and  where  there  is  also  an  alternation  in  the  grain,  some  layer^ 
being  coarser  and  others  finer.    Occasional  tourmaline  crystals  ar^ 
here  associated  with  the  zircon  and  apatite.    Calcite  also  is  present,  a^ 
in  the  last  described  rock,  but  now  it  is  in  stringers  and  arranged,  like 
all  the  other  components,  in  the  direction  of  the  schistosity,    No.  11085 
has  neither  the  calcite  nor  the  tourmaline.    Its  most  interesting  feature 
is  the  presence  of  long  strings  of  minute  rutile  crystals  which  appear  to 


•  Geology  ot  New  Hani  pah  ire,  vol.3,  Part  IV;  MineraloRyand  Lithology,  1878,  p.  208,  PI.  XII,  Fig.l. 
^^OniKalkgranit.    Geol.  Furen  Stockholm  Forhandl.,  vol.  3,  1876,  p.  210.    Om  Ealcitbalt  i  graniter. 
Kong.  Votensk.  ak.  ForUaudl.,  vol.  5.  1881,  p.  233. 
»Ball.  Soc.  Miueral.  do  Fraiiio,  vol.  8,  1885.  p.  137. 
<Mikro8.  Phyaiog.,  2d  <h1.,  vol.  2,  1885,  p.  34. 
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have  originated  from  the  altreration  of  the  biotite.    No.  11079,  collected 
from  a  narrow  acid  band  slightly  east  of  this  exposure,  is  quite  ident- 
ical in  both  composition  and  structure  with  the  two  last  mentioned 
rocks.   There  are  here  occasional  re- 
mains of  former  porphyritic  feldspar 
ciystels  which  have  been  mostly  de- 
stroyed by   granulation.    Tourmaline 
isqnite  abundant,  as  are  also  flakes  of 
colorless  but  brightly  polarizing  sericite* 
It  will  be  seen  that  these  rocks  are 
quite  the  same  as  those  found  farther 
south  at  the  granite  contact.    Along 
the  whole  Extent  of  the  Horse  Bace 
sioailar  acid  rocks  are  very  abundant. 
Tbey  occur  in  bands  varying  from  the 
iinest  seams  to  such  as  are  many  3'ards 
in  wi(}th.    While  these  as  a  rule  follow 
the  direction  of  the   foliation  of  the 
gieeustones,  they  by  no  means  always 
do  80.    Their  mode  of  occurrence  often 
b^rs  strong  testimony  to  their  intru- 
sive nature,  as  may  be  seen  from  the 
following  figures  sketched  at  the  head 
of  the  Horse  Race  on  the  Michigan  side 
of  the  river. 

Fig.  14  shows  two  bands  of  gneiss,  one  parallel  to  the  strike  of  the 
greenstones,  the  other  cutting  across  it.  In  each  the  lamination  of  the 
acid  rock  coincides  with  that  of  the  greenstones,  without  regard  to  the 
sides  of  the  band.  This  would  seem  conclusive  evidence  of  the  second- 
ary nature  of  the  gneissic  structure. 


Schistose  greenstone. 


MNtS:^ 


Gneiss;. 

Fig.  14.— ExxHMare  on  the  edge  of  a  small 
cove  at  the  h  ead  of  the  Horae  Race.  Direc- 
tion of  tho  abading  lines  indicates  the 
strike. 


Fig.  15. — Foliated  granit«  (gnoiss)  intmsive  in  greenstone.    Head  of  the  Horse  Kace. 

Fig.  15  shows  a  baud  of  gneiss  which  comes  to  an  abrupt  termina- 
tion in  the  greenstone  and  which  sends  out  apophyses  into  this,  as  only 
an  intrusive  dike  would  do. 
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Fig.  16  shows  an  irregular  area  of  gneiss  penetrating  the  greenstone. 
The  lines  in  the  drawing  indicate  the  direction  of  the  foliation.  This 
may  be  a  cross-section  of  a  laterally  intrusive  arm. 


Fig.  Ifl.— Foliat«cI  granite  (gneiss)  mtrnsive  in  greenstone.    Head  of  the  Hono  Ilaco. 

Many  other  exposures  might  be  selected  to  prove  the  intrusive 
nature  of  these  acid  rocks  at  the  Upper  Quiunesec  Falls,  but  the  ones 
already  cited  will  suffice  for  the  present  purpose. 

With  respect  to  their  structure,  the  acid  rocks  of  the  Upper  Quiu- 
nesec Falls  and  Horse  Race  may  be  classified  as  follows : 

I.  Porphyritic: 

Granite  porphyry,  represented  by  Nos.  11104,  11082,  11087, 

11089,  11190. 
Augen-Gneiss,  represented  by  Nos.  11184, 11193  11196. 
Schistose  porphyry,  represented  by  Nos.  11050,  11051, 11052, 

11096. 

II.  Non-porphyritic : 

Gneiss,  represented  by  Nos.  11079, 11084, 11085, 11188. 
Felsite,  represented  by  No.  11071. 

The  main  points  of  interest  will  now  be  stated  with  reference  to  each 
of  these  types  in  succession,  although  no  further  mention  will  be  made 
of  those  specimens  which  have  already  been  described,  viz,  Nos.  11104, 
11082,  11084,  11085, 11079. 

It  is  believed  that  the  distinctive  features  of  the  schistose  and 
banded  rocks  of  this  region  have  to  a  great  extent  been  produced  by 
secondary  causes.  An  original  porph}  ritic  structure  seems  to  have  been 
very  prevalent,  if  not  universal,  in  all  of  these  acid  dikes.  We  are  able 
to  trace  its  gradual  disappearance,  and  we  find  that  this  is  proportional 
to  the  intensity  of  the  dynamic  action  to  which  the  particular  rock  has 
been  subjected.  The  crushing  or  rubbing  of  the  constituent  minerals 
against  one  another  has  produced  a  peripheral  granulation  ("  randliche 
Kataklase").  This  has  altered  the  porphyritic  crystals  into  the  eyes 
or  "Augen"  of  the  gneisses  and  schistose  porphyries,  as  is  shown  in 
PI.  XV,  fig.  1  ;  and  there  seems  no  reason  why  its  extreme  applica- 
tion may  not  have  changed  a  porphyritic  rock  to  a  felsite. 
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GraniU  porphyry.^'^o.  11190,  from  tLc  Midiigan  side  of  tbe  Horse 
liuce,  uear  its  center,  is  from  a  small  area  of  acid  rock  exposed  at  the 
water's  edge,  which  seems  to  be  completely  surrounded  on  the  three 
other  sides  by  diorite.  It  is  porphyritic,  but  contains  a  very  large  pro- 
portion of  feldspars  (mostly  striated)  and  comparatively  little  ground- 
mass.  This  latter  is  so  arranged  as  to  produce  a  resemblance  to  the 
mortar  structure^  and  thus  the  rock  approaches  No.  11104,  although  all 
of  its  quartz  is  confined  to  the  groundmass.  Biotite  is  quite  abundant. 
It  contains  fine  pleochroic  aureoles,  and  is  frequently  bleached  to  a 
pale  green  color. 

Nos.  11087  and  11089,  both  from  the  Wisconsin  bank  of  the  Horse 
Race,  are  decidedly  porphyritic.  A  fine  grained  granular  groundmass 
is  in  sharp  contrast  to  the  well  formed  feldspar  crystals.  These  are 
noticeable  on  account  of  their  finely  developed  zonal  structure,  which 
is  produced  sometimes  by  a  concentric  arrangement  of  inclusions,  some- 
times by  a  variation  ^of  composition  and  extinction  angles  in  different 
layers.  The  zonal  structure  of  the  feldspars  in  these  rocks  is  as  per- 
fect as  it  is  in  the  more  modern  andesites.  The  mica  in  No.  11087  is 
biotite  of  the  usual  character,  but  in  No.  11089  muscovite  is  equally 
abundant,  making  this  latter  rock  a  true  granite  instead  of  a  grauitite. 
Some  of  this  muscovite,  at  least,  may  be  plainly  seen  to  have  originated 
from  the  alteration  of  the  orthoclase.  In  many  cases  it  lies  in  brilliantly 
polarizing  flakes  of  considerable  size,  clustered  together  in  the  center 
of  the  orthoclase  crystals,  which  portion  always  appears  to  be  the  most 
sabjCct  to  alteration. 

These  rocks  show  to  a  moderate  degree  the  effects  of  pressure  which 
are  most  manifest  in  the  porphyritic  quartzes.  These  are  much  dis- 
torted and  often  broken  and  granulated,  as  shown  in  PI.  XV,  fig,  2. 
It  seems  at  first  thought  strange  that 
the  harder  quartz  should  be  more  sus- 
ceptible to  pressure  than  the  softer 
feldspar,  and  yet  this  is  known  to  be 
a  well  established  fact,  as  has  been 
observed  in  Chapter  I.  The  brittle- 
ness  of  the  quartz  causes  it  to  break, 
where  the  feldspar  is  only  bent  or 
distorted,  without  rupture. 

In  some  cases  the  feldspar,  as  well  as 
the  quartz,  shows  a  slight  i^eripheral 
granulation  and  passage  intoamosaic, 
which  can  not  be  distinguished  from 
the  groundmass.  This  is  in  all  in- 
stances, ho  wever,  only  incipient,  while 
the  main  portion  of  the  groundmass  is  an  original  feature  of  the  rock. 

In  the  granitites,  Nos.  11087  and  11190  an  unusual  constituent  is 
present.  This  is  in  sharp  crystals  of  good  size  (2  by  3™"')  and  has  the 
Bhape  of  epidote.    Its  color  is  yellowish  brown  or  greenish  yellow. 


Fig.  17.— Orthito  in  fpranite.     Horro  Race 
Rapid.    No.  U087.    Magnifieil  80  diamoters. 
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It  seems  to  have  undergone  partial  alteratioil,  and  agrees  closely  with 
the  published  descriptions  of  orthite  (allanit^e).'  The  two  crystals  in 
section  No.  11087,  although  by  no  means  entirely  cbanged,  appear  to 
be  completely  isotropic,  a  peculiarity  especially  mentioned  by  Kosen- 
busch  as  not  uncommon  to  otthite.^ 

Augen-Ofieiss. — ^The  best  example  of  this  type  is  No.  11184,  from  the 
Michigan  side  of  the  Horse  Race.  With  reference  to  this  rock  the  fol- 
lowing is  extracted  from  the  field  notes  made  in  July,  1885 : 

A  short  distance  above  the  luouth  of  the  Httrse  Race  the  ridge  is  cut  by  a  ravine. 
Here,  near  the  water^s  edge,  are  some  beautifnUy  pori)hyritic,  red,  acid  rooks,  occnr- 
ring  apparently  as  dikes  in  the  greenstone.  The  direction  of  these  dikes  is  quite 
irregnlar.  Their  width  also  varies  continually.  Thoy  contain  a  deep  red  feldspar,  a 
white  feldspar,  and  quartz  in  porphyritic  crystals.  When  much'of  the  first  mentioned 
feldspar  is  present,  the  rock  is  very  red  ;  when  it  is  absent  it  is  gray.  '  Both  varieties 
may  occur  in  the  s«ime  specimen.  These  rocks  show  the  effects  of  pressure  very  finely. 
The  porphyritic  crystals  form  "  Augen,"  around  which  the  gronndmass  bends.  The 
direction  of  the  banding  when  well  marked  appears  to  bo  paralL  1  to  the  waUs  of  the 
dikes.    The  "  Augen  "  stand  vertically. 

Under  the  microscope  the  banded  or  gneissic  structure  of  this  rock  is 
as  well  marked  by  the  lenticular  ( "  Flaser  ")  arrangement  of  the  mica  as  in 
the  hand-specimen.  Its  most  instructive  feature  is  the  formation  of  the 
eyes  (*'  Augen  ")  and  the  gradual  disappearance  of  the  large  porphy- 
ritic feldspar  crystals  by  peripheral  granulation  due  to  pressure.  A 
typical  example  of  this  is  represented  in  I?L  XV,  fig.  1.  Here  it 
will  be  seen  that  a  large  porphyritic  crystal  of  triclinic  feldspar  has  been 
granulated  on  two  opposite  sides,  corresponding  to  the  direction  of  the 
schistosity,  and  that  the  material  thus  formed  has  been  drawn  out  into 
a  lenticular-shaped  mass,  with  the  remaining  solid  portion  of  the  feld- 
spar  as  its  center.  This  forms  the  eye  or  "  Auge"  around  which  the 
gronndmass  is  seen  to  curve.  Such  a  structure  has  been  described  and 
figured  by  J.  Lehmann  ^  and  others.  It  is  important  to  observe  that  the 
secondary  granulation  has  here  produced  a  mosaic  of  much  coarser  grain 
than  the  surrounding  gronndmass.  This  corresponds  to  observations 
of  Dr.  Ohelius,  made  on  certain  Hessian  granite  pori)hyrie8.* 

No.  1119G,  from  the  head  of  the  Horse  Race,  on  the  Michigan  side,  is 
described  in  the  field  notes  as  "  a  typical  biotite  gneiss  with  a  wavy 
structure,  the  biotite  lamella?  (secondary!)  winding  around  the  porphy- 
ritic crystals  of  feldspar  and  quartz."  Under  the  microscope  the  ground- 
mass  is  seen  to  be  fine  grained,  and,  to  some  extent  at  least,  to  have 
originated  from  the  granulation  of  the  porph^  ritic  crystals,  which  ex- 
hibit this  process  in  an  admirable  manner.  Dark  brown  biotite  and 
sphene  are  common.    Zircon  and  apatite  are  also  present.    The  quartz 


'A.  Sjogren, Geol.  Foren.  Stockholm  Porliandl.,  vol.  3,  1876,  j).  258,  Tornebohm  Under  VcgaEipe- 
(liiioneu  insanilade  berf^&rter.  Voga-Exped.  vetensk.  jaktta^^elsor,  VI.  Stockholm,  16B4,  p.  124.  Croas 
&  Iddings,  Am.  Joar.  Sci.,  3d  serieB,  vol.  30, 18S5,  p.  108. 

"  Sfikroa.  Physio^.,  2d  od.,  vol.  1,  p.  499. 

*  Untersucbungen  iiber  die  Entatehung  der  altkryatallinischftn  Schiefergeatoine.   Bonn,  1884. 

*  NoUzblatt  des  Vereins  fur  Erdkande  zn  Darmstadt,  4.  Folgo,  5  Heft.,  1885,  quoted  by  Rosenbascfa, 
Mikros.  PhyaioK.,  2d  ed.,  vol.  2,  p,  294. 
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is  iti  large  ^amilar  aroas.    Rows  of  fluid  cavities  traverse  the  grains 
and  pass  uuinterraptedly  from  one  to  another. 

The  following  analysis  of  this  rock  is  also  b}'  Mr.  E.  B.  Big^s : 

Silica(SiO,) !-.  67.77 

Alumina  (AliOa) 16.61 

Femcoxide  (Fe^Oa) 2.06 

FerroQs  oxide  (FeO) 1.96 

Lime  (CaO) 1.87 

Magnesia  (MgO) 1.26 

SodaCNasO) 4.5r» 

Potash  (K2O) 2.35 

Water  (HjO) 1.69 

Carbon  dioxide  (CO2) 19 

ToUl :  100.11 

This  is  much  more  like  the  analysis  of  a  granitite  than  the  last  one 
given  (No.  11082),  but  the  preponderance  of  soda  over  potash  indicates 
the  presence  of  a  large  amount  of  soda  orthoclase. 

Schistose  Porphyries  or  Porphyroids. — Just  below  Upper  QuinneseC 
Falls,  especially  on  the  Wisconsin  side,  are  good  exposures  of  finely 
schistose  acid  rocks.  They  contain  small  porphyritic  crystals  of  feld- 
spar and  quartz,  and  a  considerable  amount  of  sericite  or  hydro-mica, 
which  winds  around  these  crystals  so  as  to  produce  a  lenticular  or 
"  Flaser  ^  structure.  In  color  they  present  every  shade  from  flesh  red 
to  gray. 

Hocks  of  this  general  type  have  a  wide  distribution  and  have  arrested 
the  particular  attention  of  petrographical  investigators.  In  some  in- 
stances they  have  been  Conclusively  shown  to  be  the  product  of  the 
metaroorphism  of  fragmental  rocks — either  tuflfs  or  true  sediments — 
while  in  other  cases  they  have  resulted  from  the  action  of  great  dynamic 
forces  upon  massive  rocks  of  a  corresponding  composition,  i.e.  quartz 
porphyries.  When  it  is  possible  to  trace  with  certainty  the  origin  of 
these  rocks  to  stratified  deposits  they  are  usually  designated  as  porphy- 
roids j  while  in  case  their  mother-rock  can  be  shown  to  have  been  quartz 
porphyry  they  are  usually  called  schistose  porphyries.  In  their  extreme 
development  these  two  types  are  often  petrographically  indistinguish- 
able and  they  present  an  instructive  instance  of  the  production  of  identi- 
cal results  by  the  action  of  the  same  physical  forces  upon  matter  of  the 
same  average  composition,  though  differing  widely  in  origin  and  its 

strnctore.^ 

The  schistose  ^porphyries  occurring  at  Upper  Quinnesec  Falls  were 
made  the  subject  of  an  extended  paper  by  Hermann  Oredner,  published 
in  1 870.*  This  author  concludes  from  a  macroscopical  examination  that 
these  rocks  are  altered  sediments  which  are  interpolated  between  the 


•  Bull-  U.  S.  Oeol.  Survey,  No.  28,  p.  1. 

* Ueber  Nordamerikanisohe  Scbiorerporphyroide.    Keues  Jabrbuch  fUr  Mineral.,  1870,  pp.  970-984. 
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diabavse  beds  of  tbe  Upper  Huronian.    He  divides  their  wbole  ex- 
posure at  this  locality,  which  he  gives  as  300  feet,  as  follows : 

Feet. 

(b)  Weakly  i^cListose  ortlioclase  porphyroid 50 

(c)  Typical  feldspar-paragonite  schist 10 

(d)  Light  iiesh-red  orthoclase-paragonite  schist 30 

(e)  Paragonite  schist 15 

(f)  Lime-paragon ite  schist 15 

(g)  Light  reddish  gray  schistose  porphyroid 30 

(h)  Li me-chlorite  schist 50 

(i)  Chlorite  schist 100 

Total 300 

Of  (b),  (c),  (d)j  and  (e)  he  gives  the  following  analyses: 


(b) 

(c) 

(d) 

(0) 

SiO, 

AlA 

FesO, 

MnO 

CaO 

66.70 
15.90 
4.70 
tr. 
tr. 

72.45 
8.85 
6.20 

tr. 

tr. 

76.505 
7.950 
8. 875 
ti-. 

0. 322 
tr. 

1.025 
4.884 

75.5 
8.6 
2.0 

7.2 
1.2 
0.3 
3.0 
1.5 

McO 

KjO 

8.06 
6.60 

9.24 

3.70 

NaaO 

H,0 

■**'*^^      .«--•• 

- 

Total.... 

100.86 

100.44 

99.061 

99.9 

In  discussing  these  analyses  Credner  finds  sufficient  proof  that  ortho- 
clase  alone  is  present,  from  the  fact  that  the  potash  increases  propor- 
tionately with  the  amount  of  feldspar,  and  in  the  absence  of  a  twinning 
striation  which  is  visible  to  the  naked  eye.  The  sodium  he  attributes 
entirely  to  the  mica,  which,  in  consequence,  he  names  paragonite. 
The  proof  of  sedimentary  origin  he  finds  in  the  constant  parallelism  of 
the  schist  planes  with  the  limit  between  these  rocks  and  the  adjoining 
diabase ;  and  yet  he  cannot  help  being  much  struck  with  the  alterna- 
tion of  such  widely  diverse  rocks  in  a  single  and  comparatively  thin 
complex.* 

My  studies  of  these  rocks,  both  in  the  field  and  in  the  laboratory, 
have  led  me  to  results  quite  the  reverse  of  those  obtained  by  Oredner. 
Nos.  11050  to  11053  were  collected  from  the  most  typical  band,  which 
here  stands  nearly  vertical  and  strikes  20°  S.  of  E.  They  are  all  essen- 
tially the  same  in  everything  except  color.  They  contain  more  or  less 
rounded  porphyritic  crystals  of  quartz  and  a  red  or  grayish  feldspar, 
imbedded  in  a  matrix  apparently  composed  of  a  yellowish  gray,  greasy- 
feeling  hydro-mica. 

'  Dio  ebonerwaliuto  Wechsollagcmng  ToUkomraen  vorschiedenartigor  GestciDO  als  zusammen' 
gehorijTo  Glioder  ciuer  wenif;  tniiclitlgon  Scliiohtenrciho  'mi  liocbst  nnflalli^.  ZwUcliea  zwei  Lagom 
von  DiabuH,  also  oiiiom  iiamoiitlicli  au.s  Ivalkfcld8pat!i  uud  Aiigit  bestehoiideu  btiHiKclien  Gestoino  init 
otwa64  l*roc.  Kic^sclftjiiiro  tritt  znuacbst  fiiio  Zone  von  Hanren  quarxroicbcn  KalifeUlHpath-Natronglim. 
iiicr  rorpbyroidcn  niit  iiber  70  Troc.  Kicselsiiurc,  aber  ohiio  Kalkgehaltauf,"  etc.  — Loc.  cit,  p,  981. 
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Tbe  following  analysis  of  No.  11050  by  Mr.  11.  B.  Rigg»  shows  its 
essential  identity  with  Credner's  specimen  (b).  Aknost  the  only  dif- 
fereuce  is  the  smaller  amount  of  alkali,  although  the  relative  propor- 
tious  remaiu  about  the  same.  In  Credner's  analysis  the  GaO  and 
MgO,  which  make  up  this  difference,  do  not  appear  to  have  been  deter- 
mined. 

Silica  (SiOa) 66.  CD 

Alumina  (AljOa) 16.69 

Ferric  oxide  (FeaOa)...: 2.06 

Ferrous  oxide  (FeO) 93 

Lime(CaO) 1.40 

Magnesia  (MgO) 1.15 

Soda(NaiO)  2.46 

PotasTiCKoO) 6.2:J 

Water  (H,0) : 1.70 

Carbon  dioxide  (C0«) 1.42 

Total 99.73 

This  is  evidently  the  analysis  of  an  orthoclase  rock,  and  yet  thejnicro- 
scope  shows  that  a  considerable  proportion  of  the  porphyritic  feld- 
spars are  striated  and  triclinic,  in  spite  of  the  fact  observed  by  Ored- 
ner,  that  this  character  is  not  apparent  to  the  unaided  eye.  We  may 
therefore  reasonably  suppose  that  the  potash  exists  largely  in  the 
groundmass  and  in  the  secondary  hydro-mica,  which  is  to  be  regarded 
as  true  sericite,  and  not  paragonite  as  assumed  by  Credner. 

The  microscope  discloses  in  all  the  thin  sections  of  these  rocks  the 
typical  structure  of  a  quartz  porphyry  modified,  however,  by  the 
action  of  great  pressure.  An  idea  of  it  may  be  obtained  from  PI. 
XIV,  fig.  1,  which  represents  No.  11050.  The  fine  grained,  micro- 
granitic  groundmass  is  still  present,  Inclosing  the  porphyritic  quartzes 
and  feldspars.  The  former  often  exhibit  their  characteristic  dihexa- 
bedral  form,  but  they  are  broken  aud  possess  an  undulatory  extinction. 
The  feldspars  are  most  instructive.  They  possess  a  sharply  defined 
crystal  form  which,  however,  has  been  cracked  and  the  fragments  have 
been  more  or  less  separated  in  the  direction  of  the  schistosity,  while 
brightly  polarizing  sericite  scales  have  been  abundantly  developed 
in  all  the  fissures.  Sericite  is  also  abundant  in  the  groundmass,  where  it 
appears  to  have  been  formed  from  the  orthoclase.  Its  scales  are  par- 
allel throughout  the  rock,  to  which  fact  the  schistose  structure  is  al- 
most wholly  due.  The  original  biotiteof  these  rocks  is  now  entirely 
represented  by  a  pale  green  chlorite.  During  the  process  of  this  al- 
teration, iron  has  separated  iu  the  form  of  opaque,  black  grains;  and, 
in  some  instances  (11050  aud  11052),  colorless  but  very  highly  re- 
fnictive  grains  have  been  produced.  These  sometimes  possess  a  sharp 
octahedral  form  and  are  probably  anatase,  formed  from  the  titanic  acid 
of  the  original  biotite,  as  described  by  Stelzner.*  In  and  around  this 
chlorite,  tourmaline  is  also  abundant  either  in  single  individuals  or  in 
groups  of  crystals.    Zircon  and  apatite  are  sparingly  present.    One 

» Keuea  JahrbncU  fur  Mineral.,  1884.,  vol.  1,  p.  273. 
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Fio.  18.— Broken  zircon  cryat«l  in  schintose 
por|»liyry.  Upper  Qtiinnenec  Falls.  No.  1 1052. 
Magnified  180  diameters. 


remarkably  large  (.4  x  .04"*")  crystal  of  the  former  mineral,  which  has 
been  curiously  brqkeu,  is  represented  in  Fig.  18,  taken  from  Ko.  11052. 

Galcite  is  not  uncommon  and  is  al- 
ways of  a  secondary  nature.  In  Nos. 
11051  and  11053  it  forms  a  more  or 
less  complete  border  around  the  por- 
phyritic  crystals. 

As  already  stated,  all  four  speci- 
mens collated  from  this  locality  are 
essentially  identical.  !No.  11053  is 
more  finely  schistose,  owing  to  its 
more  advanced  stage  of  alteration 
and  the  consequent  greater  produc- 
tion of  sericite.  In  spite  of  this,  how- 
ever, the  original  structure  is  still 
plainly  visible.  No.  11096  was  ob- 
tained on  the  Michigan  side  of  the 
river,  at  the  foot  of  the  Horse  Bace.  It  has  a  very  pronounced  schis- 
tose structure,  and,  under  the  microscope,  appears  nearly  identical 
with  the  rocks  just  described  from  below  the  falls,  but  is  not  so  highly 
altered.  Its  biotite  is  in  its  original  fresh  state,  its  porphyritic  crystals 
are  more  intact,  and  sericite  is  not  so  abundantly  developed. 

Oneiss.—lu  addition  to  the  nonporphyritic  gneisses  already  described, 
ITos.  11079,  11084,  and  11085  (see  pp.  114-115)  one  other  may  be  men- 
tioned. No.  11188,  from  the  head  of  the  Horse  Eace,  on  the  Michigan  side. 
This  is  apparently  a  typical  biotite  gneiss,  but  it  is  seen  to  pass  by 
gradual  transitions  into  the  hornblende  gneiss  No.  11189  (see  p.  108). 
The  microscope  shows  that  there  are  many  points  of  resemblance  be- 
tween these  two  rocks.  In  the  present  case,  although  quartz  is  abun- 
dant, amphibole  and  the  same  sphene  observed  in  No.  11189  are  frequent, 
and  the  feldspar  is  of  such  a  nature  as  to  be  subject  to  saussuritization. 
Felsite. — True  nonporphyritic  felsite  is  not  common  among  the  acid 
rocks  of  the  area  about  the  Upper  Quinnesec  Fall  and  the  Horse  Eace. 
The  most  typical  specimen  of  this  class  is  No.  11071,  which  occurs  in 
narrow  bands  in  the  schistose  greenstones  below  the  falls  on  thfe  Mich- 
igan side  of  the  river.  This  is  a  very  compact,  flesh  colored  rock  re- 
sembling jasper.  Under  the  microscope  it  is  seen  to  be  essentially 
identical  with  the  groundmass  of  the  porphyritic  rocks  above  described; 
and  even  here  stretched  and  distorted  crystals  of  quartz  and  feldspar 
are  not  entirely  wanting,  though  they  are  rare. 

There  is,  therefore,  strong  evidence  in  favor  of  the  view  that  the  acid 
rocks  of  the  Upper  Quinnesec  region  are  of  eruptive  origin ;  that  they 
are  to  be  regarded  as  apophyses  which  diverged  from  the  granitic  mass 
to  the  south;  and  that  their  schistose  structure,  when  present,  is  to  be 
attributed  to  secondary  causes. 
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This  evidence  niav  be  suiniiiarized  as  follows: 

First.  The  structure  of  these  rocks,  a«  revealed  by  the  niicrostjope, 
in  spite  of  its  frequently  being  disguised  by  the  action  of  secondary 
causes,  is  always  that  recognized  a^  characteristic  of  massive  or  igneous 
rocks. 

Second.  There  are  present  in  these  gneissoid  bands  granitic  Aieies 
which  agree  exactly  with  the  rock  of  the  main  granite  area,  and  the 
bands  themselves  are  identical  with  others  near  the  contact,  which  can 
be  plainly  seen  to  be  radiating  apophyses  or  dikes. 

Third.  The  schistosity  of  these  bands  is  often  independent  of  their 
direction  and  agrees  with  the  prevailing  strike  of  the  surrounding 
greenstones. 

Fourth.  There  is  abundant  microscopic  evidence  that  the  constitu- 
ents have  been  fractured,  stretched,  and  crushed  since  their  solidifi 
ation. 

• 

The  localities  thus  far  considered  on  the  Menominee  River,  viz : 
Sturgeon,  Lower  and  Upper  Quinnesec  Falls,  contain  all  the  important 
exposures  of  crystalline  rocks,  belonging  to  what  Major  Brooks  has 
regarded  as  the  southern  of  the  two  belts  of  greenstone.  If  his  loca- 
tion of  these  rocks  is  correct,  the  members  of  the  northern  belt  appejir 
'jpon  the  river  at  three  points,  viz:  P'our-foot  Falls,  Lower  Twin,  and 
Upper  Twin  Falls,  of  which,  however,  the  two  latter  are  connected  by 
almost  continuous  rock  exposures.  These  localities  we  shall  now  pro- 
*5^  to  consider  in  detail. 

FOUR-FOOT  FALLS. 

^^  exposures  at  this  place  are  represented,  together  with  those  at 
both  the  Twin  Falls,  upon  Major  Brooks's  map,  which  is  here  repro- 
duced in  PI.  VL  The  fall  is  hardly  entitled  to  be  so  called,  as  the 
'^^s  have  formed  nothing  more  than  a  rapid  in  the  river.  Just  at 
tte  foot  of  this  rapid  the  river  is  crossed  by  the  Chicago  and  North- 
western Railroad  bridge,  immediately  beyond  which  a  cutting  has 
disclosed  some  very  instructive  exposures  of  the  greenstones.  The 
'^ks  may  be  seen  in  .position  on  either  side  of  the  river  for  some  dis- 
tance above  the  bridge.  Brooks  distinguishes  upon  his  map  many 
alternating  beds  of  massive,  schistose,  and  slaty  rocks  (a  to  n  in  his 
section).  The  beds  here  strike  about  S  80°  E — nearly  at  right  angles 
to  the  direction  of  the  river  at  this  point — and  yet  are  mostly  schistose 
on  the  Wisconsin  side  and  massive  on  the  Michigan  side.  This  fact  is 
indicated  on  Major  Brooks's  map  and  speaks  strongly  against  the  view 
that  the  present  foliation  is  due  to  original  bedding. 

The  rock  of  the  exposure  which  occurs  farthest  down  the  river 
(Brooks's  a)  outcrops  somewhat  less  than  a  quarter  of  a  mile  below 
the  bridge.    It  was  called  by  Wright  a  chloritic  slate,  ^  and  by  Wich- 

*  Geol.  Wisconsiu,  vol.  3,  p.  712. 
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iiiauu  a  pbyllite.  Major  Brooks  himself  designates  it  as  a  ^^  light  blaish 
gray,  shioiug  clay  nlate^  with  strong  cleavage  and  no  distinguishable 
bedding  planes."^  It  does  not  belong  to  the  rocks  now  especially  under 
oonsideration,  bat  since  it  was  studied  carefully  it  may  be  described 
here  for  comparison.  This  Blate  occurs  in  a  bed,  estimated  by  Brooks 
to  be  550  feet  in  thickness,  on  both  sides  of  the  river  and  in  its  bed.  It 
strikes  nearly  east  and  west  and  dips  toward  the  north.  In  Brooks's 
collection  this  rock  bore  the  number  2075 ;  in  the  present  collection  it 
is  represented  by  !N'o.  11152. 

Under  the  microscope  there  are  visible  in  the  thin  section  of  this 
specimen  unmistakable  signs  of  sedimentary  origin.  Coarser  and  finer 
areas  alternate,  the  former  being  made  up  of  clastic  quartz  grains, 
either  pure  or  mixed  with  iron  hydroxide  or  chlorite,  while  the  latter 
are  composed  of  an  argillaceous  substance,  filled  with  extremely  minute 
muscovite  or  sericite  scales  and  considerable  carbonaceous  matter. 
Tourmaline  needles  are  also  occasionally  seen  f^and  zircon  too,  either  in 
minute,  whole  crystals  or  as  irregular  fragments  of  larger  ones,  is  not 
infrequent.  This  rock  belongs  to  the  detrital  iron-bearing  series,  the 
boundary  between  which  and  the  greenstone  schists  lies  just  above 
this  exposure. 

The  railroad  which  crosses  the  bridge  at  Four-foot  Falls  exposes  this 
same  rock  again  in  a  cutting  about  a  mile  west  of  Iron  Mountain.  A 
specimen  from  this  locality,  No.  11114,  shows  the  same  general  charac- 
ter  as  the  last  described  rock,  except  that  it  is  more  crystalline. 
Tourmaline  is  present  as  before,  but  anew  crystallization  of  biotite  has 
largely  replaced  the  chlorite.  The  carbonaceous  material  is  less  abun- 
dant and  what  remains  is  in  a  much  more  finely  divided  state.  The 
clastic  origin  of  the  rock  is  still  very  apparent  in  the  shape  of  its  quartz 
grains,  which  are  here  mingled  with  feldspar  fragments,  both  plagio- 
clase,  microcline  and  orthoclase. 

No.  11113,  from  a  quartzite  band  intercalated  in  No.  11114,  also  con- 
tains feldspar  grains  mingled  with  the  quartz.  Zircon  fragments  are 
likewise  present  and  a  little  biotite,  which  is  no  longer  quite  fresh. 
This  latter  mineral  shows  in  a  beautiful  manner  the  development  of 
secondary  rutile  needles,  as  in  the  kersantites.' 

Before  speaking  of  the  greenstones  which  occur  along  the  river 
farther  north,  it  will  be  well  to  examine  those  exposed  in  the  railroad 
cutting  at  the  western  end  of  the  bridge.  These  rocks  are,  for  the 
most  part,  massive,  but  they  nevertheless  display  evidence  of  extensive 
crushing  and  chemical  alteration.  No.  11178  represents  the  average 
type.  This  is  of  a  light  green  color,  and  in  a  hand-specimen  quite 
aphanitic.  Both  macroscopically  and  microscopically  it  resembles  the 
massive  greenstones  so  abundant  in  and  representative  of  the  region 
south  of  Marquette  (see  PI.  X,  fig,  2).  Mineralogically  there  is  hardly 
a  trace  of  the  original  rock  left.    Almost  colorless  liornblende,  pale 

•  Geol.  Wisconsin,  vol.  3,  p.  475. 
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greeu  chlorite,  zoisite,  leucoxene  and  a  little  calcite  (all  of  secoudary 
origin)  are  the  present  cousHtuents;  and  yet  the  original  structure  of 
the  rock  is  strikingly  well  preserved.  When  viewed  with  a  com- 
paratively low  power,  in  ordinary  light,  the  oatUues  of  long,  almost 
acicular,  feldspar  crystals  are  very  apparent,  in  spite  of  the  fact  that  the 
sabstance  of  the  feldspar  itself  is  changed  to  chlorite  or  zoisite.  These 
OQtlines  of  former  crystals  make  a  confused  aggregate,  but  each  indi- 
vidual preserves  its  own  proper  form  (idiomorphic  in  the  sense  of  Ros- 
enbusch).  The  angular  spaces  between  the  feldspars  produce  a  typical 
example  of  the  ophitic  or  diabase  structure,  although  no  trace  of  a  dia- 
base mineral  remains. 

But  the  exposure  is  not  throughout  as  massive  as  the  specimen  just 
described.  It  is  traversed  here  and  there  by  schistose  and  wavy  bands 
which  show  indications  of.  having  been  much  crushed  and  rubbed. 
Slickensides  are  abundant  and  lenticular  fragments  fit  into  one  an- 
other so  as  to  produce  an  imperfect  sort  of  foliation.  In  other  cases, 
where  the  crushing  has  been  more  intense,  theschistosity  is  more  per- 
fect. These  bands  all  strike  a  few  degrees  north  of  west,  being  appar- 
ently conformable  to  the  slates  below  and  the  greenstone  schists  above. 
This  is  a  suggestive  fact  when  it  is  remembered,  as  observed  by  Brooks, 
that  these  slates  owe  their  lamination  to  slaty  cleavage  (a  product  of 
pressure),  which  seems  to  have  obliterated  the  original  stratification. 

^o.  11179,  from  one  of  the  schistose  bauds  in  the  greenstone  of  this 
cat,  shows  under  the  microscope  the  effects  of  great  mechanical  action. 
Carving  and  interlacing  areas  of  pale  green  chlorite  and  of  a  grayish 
sabstance  (perhaps  the  remains  of  titanic  iron)  form  the  main  mass  of 
this  rock.  Thickly  scattered  through  these  are  patches  of  a  dark  brown 
sabstance,  often  showing  concentric  zones  of  a  clear,  transparent  char- 
acter. These  look  like  opal,  but  their  optical  character  shows  them  to 
be  single  individuals  of  crystalline  quartz.  Imbedded  in  this  material 
of  such  pronounced  secondary  character,  are  fragments  of  feldspar, 
which  have  been  crushed  or  broken.  Jhese,  as  has  been  observed  so 
freqaently  before,  are  less  changed  chemically  than  those  in  the  mass- 
ive rock  from  which  this  schistose  band  has  been  derived. 

Four  specimens  were  selected  to  represent  the  series  collected  along 
the  river  north  of  the  railroad  bridge.  Two  of  these  came  from  each 
side  of  the  river  and  illustrate  both  the  massive  and  schistose  bands. 

No.  11176  was  found  on  the  Michigan  (eastern)  side,  just  above  the 
bridge.  In  color  it  is  light  green,  and  in  structure  it  is  massive.  Under 
the  microscope  it  shows  a  pale  hornblende  in  ragged  and  irregular  indi- 
viduals, feldspar,  zoisite,  chlorite,  and  leucoxene.  Traces  of  an  original 
diabase  structure  are  still  abundant  in  this  rock.  The  feldspars  often 
perfectly  preserve  their  lath-like  form  and  their  twinning  striation,  while 
the  pale  but  compact  hornblende  occupies  the  intervening  spaces,  sup- 
plying the  place  taken  by  the  augite  in  fresh  rocks  of  this  type. 

No.  11175,  from  the  highest  exposure  on  the  Michigan  side  of  Four- 
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foot  Falls,  is  quite  schistose  and  of  a  much  darker  color  thaa  the  last 
rock.  IJuder  the  microscope  it  is  seen  to  possess  a  much  finer  grain 
and  to  be  composed  of  hornblende,  chlorite,  feldspar,  quartz,  and  leu- 
coxene.  The  hornblende  is  for  the  most  part  pale  green,  but  that  it 
was  bleached  from  the  brown  variety  is  shown  by  the  numerous  com- 
pact brown  cores  which  occur  in  the  centers  of  the  paler  crystals.  The 
structure  of  this  rock  is  purely  granular,  with  no  trace  of  the  diabase 
type  which  characterized  the  specimen  last  described.  This  fact  and 
the  indication  that  the  pale,  fibrous  hornblende  was  derived  from  a 
compact,  brown  variety  of  the  same  mineral,  render  it  probable  that 
this  rock  was  originally  a  diorite,  composed  of  feldspar  and  brown 
hornblende,  in  which  little  or  no  pyroxene  was  ever  present.  The  horn- 
blende of  this  rock  exhibits  a  structure  quite  similar  to  that  described 
by  Becke^  and  Van  Hise'  as  due  to  a  secondary  enlargement  of  the 
crvstals  in  a  solid  rock. 

The  accompanying  figure  represents  the  compact  brown  interior  of  a 
hornblende  individual,  more  or  less  sharply  separated  from  a  pale  green 
or  colorless  border  of  hornblende  fibers,  which  possesses  exactly  the 
same  optical  orientation  as  the  core. 

Evidence  seems  to  be  constantly  ac- 
cumulating that  various  minerals 
may  continue  their  growth  by  regular 
accretions  in  solid  rocks,  whether  mas- 
sive or  clastic.  This  fact  is  satisfac- 
torily established  at  least  for  quartz, 
feldspar^  and  hornblende.  While  not 
in  the  least  doubting  the  correctness 
of  the  conclusions  above  cited  in  re- 
gard to  the  secondary  growth  of  horn- 
blende, I  must,  however,  confess  that 
the  present  isolated  instance  appears 
to  me  hardly  to  ofter  conclusive  proof 
that  the  fibrous  hornblende  border  is 
a  secondary  crystalline  enlargement. 
Such  an  explanation  is  possible,  but 
the  appearance  can  be  equally  well  explained  in  my  judgment,  by  as- 
suming that  the  fibrous  zone  is  the  result  of  bleaching  and  fraying 
out  of  originally  compact  hornblende  crystals.  This  process  would 
naturally  commence  at  the  ends  of  the  crystals  and  develop  principally 
in  the  direction  of  the  cleavage,  as  is  here  seen  to  be  the  case.  The  only 
difficulty  with  this  explanation  is  the  sharp  line  sometimes  seen  between 
the  brown  and  the  fibrous  hornblende.  But  such  a  sharp  boundary  is 
rather  the  exception  than  the  rule. 


Fia.  19. — Compact  coren  of  horubleude  siir 
rounded  by  a  fibrous  border,  No.  11175,  aschis 
tose  greeuHtone  from  Four-foot  Falls.  Mag< 
uifled  180  diameters. 


'THf.Lermak's  uiineral.  u.  petrog.  Mitth<;il.,  vol.  0,  1883,  ]»p.  158-59.  (cf.  Am.  Jour.  Sci.,  3d  seriea,  vol. 
Xi.  p.  ."{H-).  1887.) 

»  Am.  Jour.  Sci.  3d  series,  vol.  30,  p.  231,  S«>i)t.  1885.  A.  llarker  has  also  roceutly  described  similar 
ficcoudury  eulargemeuta  of  horublcudc  in  u  liurubleDdopicrite  from  AiigLcsey.  Geol.  Mag.,  London, 
3(1  aeriori,  vol.  4,  1887,  p.  650. 

"  See  Irving  and  Van  Hiso:    IJull.  U.  S.  Geol.  Survey,  No.  8. 
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Nos.  11142  and  11143,  taken  from  two  contiguous  bands  on  tbe  Wis- 
oonsin  side  of  the  river,  about  midway  between  tbe  two  points  which 
faniisbed  the  last  described  specimens,  represent  Brooks's  localities  I  and 
k  respectively.  The  first  is  schistose,  the  second  massive.  The  first 
is  a  pale  and  schistose  aggregate  of  nearly  colorless  chlorite,  light 
green  or  colorless  hornblende  fibers,  quartz  and  calcite.  The  second  is  a 
much  darker  green  mixture  of  feldspar,  hornblende,  chlorite  and  leu- 
coxene.  The  first  named  of  these  components  has  frequently  its  crys- 
tal form  well  preserved,  which  betrays  the  diabase  character  of  the 
mother  rock.  The  leucoxene  in  this  section,  as  well  also  as  in  Nos.  11175 
and  11176,  often  xH)ssesses  the  sphene-like  habit  which  has  been  figured 
from  No.  11189.    (PI.  XIII,  fig.  1.) 

THE  TWIN  FALLS. 

About  a  mile  above  the  last  described  rock  exposure  at  theso-called 
Four-foot  Fall,  the  quiet  eourse  of  the  Menominee  River  is  again  inter- 
rupted by  a  very  considerable  outcrop  of  greenstone.  Thii^  is  almost  cofi- 
tinuons  for  half  a  mile,  but  at  either  end  of  it  the  river  plunges  over  a 
barrier  of  somewhat  harder  rock  than  usual  and  spreads  out  below  it 
into  a  small  basin.  The  two  little  water-falls  thus  formed  are  known 
as  the  Twin  Falls.  In  Major  Brooks's  report  they  are  included  in  the 
same  map  that  shows  the  topography  of  the  Four-foot  Fall,^  and  that 
portion  of  this  map  which  gives  the  outline  of  the  Twin  Falls  is 
reproduced  in  twice  the  scale  of  the  original  on  PI.  VI. 

AU  of  these  exposures  belong  to  the  northernmost  of  the  two  green- 
stone belts  of  the  Menominee  Iron  Basin.  This  is  much  more  uniform 
in  its  composition  than  the  southern  belt,  in  which  the  Sturgeon  and 
Qainnesec  Falls  exposures  are  located.  Its  rocks  are  altogether  of  a 
dark  green,  almost  aphanitic  type,  which,  when  they  become  schistose, 
give  rise  to  dark  chloritic  slates.  Neither  the  light  colored,  gabbrolike 
greenstone,  nor  coarse  diorites,  like  those  of  the  Horse  Eace,  nor  bands 
of  acid  rocks  occur  in  the  northern  belt — at  least,  not  at  the  localities 
where  this  crosses  the  river. 

The  homogeneous  character  of  the  Twin  Falls  greenstones  is  largely 
due  to  an  advanced  state  of  chemical  alteration,  which  has  obscured 
its  original  grain. 

The-macrostructural  changes,  whereby  the  compact,  dark  green  rocks 
are  converted  from  a  massive  to  a  schistose  state,  may  be  admirably 
seen  along  the  river  banks  at  both  the  Upper  and  the  Lower  Twin 
Falls.  The  foliation  of  the  massive  and  already  chemically  altered 
rock  takes  place  in  a  somewhat  different  manner  from  that  heretofore 
described.  There  are  none  of  the  ragged  '*  cross  gashes  "  and  irregu- 
lar, gaping  seams  (see  Fig.  10,  p.  81)  which  are  so  common  at  the  expos- 
ures along  the  southern  belt.  These  seem  to  be  the  result  of  stretch- 
ing  in  a  solid  or  very  nearly  solid  mass,  but  in  the  present  case  this 
process  is  hardly  apparent. 

>  Geol.  WiacoDBiD,  vol.  3,  p.  475,  PI.  IV. 
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The  Arst  step  toward  the  formation  of  a  schistose  structure  in  these 
Twin  Falls  greenstones  (and  this  is  hardly  ever  absent)  is  the  division 
of  the  massive  ruck  by  two  systems  of  joints,  which  stand  about  per- 
pendicular to  the  surface  and  intersect  at  a  varying  but  acute  angle. 
These  joint  systems  divide  the  mass  into  diamond  shaped  or  rhomboidal 
prisms,  the  cross  sections  of  which  are  well  displayed  upon  the  fre- 
quent smoothly  glaciated  surfaces  of  the  rock.  The  appearanceof  such 
a  surface  is  diagrammatically  represented  in  Fig.  20. 


FloB.  20-22  diagrams  illustrating  the  transition  from  jointing  to  scliistose  stmcturea  in  tbo  ffreen 

Mtonos  at  Twin  Falls. 

As  we  approach  the  schistose  baud  in  the  massive  rock  these  inter- 
lacing rhombs  become  lengthened  out  more  and  more  by  an  approxima- 
tion to  parallelism  between  the  two  systems  of  joint-planes.    (Fig.  21.) 
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These  elongated  prisms  finally  become  very  macli  extended  lenses, 
which  interlock  and  produce  a  well  developed,  wavy  or  even  parallel 
schistose  strnctore  (Fig.  22).  The  almost  slaty  rocks  thas  produced, 
especially  as  seen  at  Lower  Twin  Falls,  have  a  tendency  to  break,  not 
so  mnch  along  a  definite  plane  as  parallel  to  a  line — i.  e.,  the  direction, 
normal  to  the  surface,  parallel  to  which  the  original  joint  planes  ran. 
It  is  difficult  to  obtain  well  shaped  hand- specimens  of  these  rocks,  but 
narrow  rhombic  prisms  of  almost  any  angle  are  easily  procured.  There 
is  an  almost  equal  tendency  to  cleave  along  any  plane  which  is  parallel 
to  the  longest  axis  of  these  prisms. 

If  the  prisms  due  to  the  original  joint  planes  were  subjected  to  a  lat- 
eral pressure  which  developed  in  them  a  cleavage  that  successively  ap- 
proached more  and  more  nearly  to  the  long  axis  as  the  prism  was  length- 
ened, this  peculiar  tendency  to  separate  along  a  line  rather  than  along 
a  plane  is  precisely  the  structure  which  We  might  suppose  would  result. 

The  strike  of  these  schistose  bands  follows  the  direction  which  bisects 
the  acute  angle  of  the  rhombic  prisms.  This  is  for  the  most  part  from 
8.  7(P  to  S(P  E.,  agreeing  with  the  prevailing  strike  of  all  the  rocks  in 
this  system.  There  are,  however,  many  exceptions,  where  these  schistose 
bands,  even  where  near  together,  follow  different  directions ;  for  in« 
stance,  I  observed,  in  the  massive  though  jointed  rock  on  the  Michigan 
side  of  Upper  Twin  Falls,  two  schistose  chloritic  bands  quite  near 
together,  one  having  a  strike  K.  180o  E.,  and  the  other  S.  73^  B.,  while 
tlie  dip  of  each  was  nearly  vertical.  Such  cases  are  easily  explicable  on 
the  supposition  that  these  bands  were  produced  by  mechanical  agencies, 
bat  it  is  quite  impossible  to  reconcile  them  with  the  supposition  that 
these  bands  are  in  any  way  the  result  of  sedimentation. 

This  type  of  schistose  structure  was  also  noticed  to  a  slight  extent 
at  some  of  the  exposures  of  the  lower  greenstone  belt— notably  just 
below  Lower  Quinnesec  Falls  on  the  Michigan  (left)  bank  of  the  river 
(see  p.  84).  It  is,  however,  there  the  exception,  and  is  peculiarly  the 
characteristic  of  the  upper  belt  as  exhibited  at  the  Twin  Falls. 

LOWER  TWIN  FALLS. 

The  development  of  the  foliation  in  the  massive  greenstone  is  also 
shown  on  a  small  scale,  partic- 
alarly  on  the  left  (Michigan) 
side  of  Lower  Twin  Falls, 
where  there  has  been  a  slight 
amonntofslipping along  aline 
of  jointing.  Fig.  23  gives  a 
diagrammatic  idea  of  a  speci- 
men observed  at  this  locality. 
The  area  represented  is  about 
three  feet  square.  Through 
the  center  runs  a  vein  of  white 
qnartz  which  has  been  depos- 
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ited  by  infiltration  in  tbe  old  joint  seam.    On  the  edges  of  this  thi 
is  perfectly  schistose  and  chloritic^  bat  it  passes  gradaally,  in  the 
of  a  few  inches,  into  the  massive  aphauitic  greenstone,  which  con 
almost  all  of  this  exposure.    Fig.  24  represents  a  polygonal 
formed  by  the  jointing  of  the  massive  greenstone,  which  hae 
frayed  out  into  a  perfectly  foliated  chlorite  schist  by  a  slipping 
ment  against  the  adjoining  blocks. 
The  extensive  chemical  alteration  which  has  gone  on  in  this  . 

stone  seems  to  render  it  peculiarl 
ject  to  such  a  fraying  out  into  a  ch 
schist.  This  change  takes  place  ii 
where  a  fresher  and  harder  mass 
have  received  only  a  slickensides. 
The  Twin  Falls  greenstones  a 
teresting,  in  view  of  the  macrostru 
alterations  which  the}'  exhibit, 
alogically  they  are  all  so  much  c 
posed  that  they  present  but  little 
is  determinable  under  the  micros< 
The  least  altered  specimen  col 
is  No.  11140,  from  the  east  side 
Lower  Fall.  Together  with  the 
mens  shown  in  Figs.  23  and  24,  i 
from  a  steep  wall  of  massive  and  bt 
jointed  greenstone,  which  rises  ab 
from  the  water's  edge.  Diamond  j 
and  somewhat  schistose  rocks  < 
same  sort  occur  on  the  north  (No. 
and  fissile  chloritic  slates  (striking 
N.  and  dipping  70°  to  the  north) 
south  of  it.  Under  the  microsco] 
massive  rock  is  found  to  be  a  coi 
aggregate  of  pale  green,  somewh 
rous  hornblende,  feldspar  remnant 
leucoxene,  which  possesses  a  sphene-like  habit  and  rarely  sho^ 
trace  of  its  original  ilmenite.  The  clearer  areas,  which  represe 
former  feldspar,  are  now  so  filled  with  actinolite,  zoisite,  and  e 
needles,  that  nothing  regarding  the  former  character  of  this  minei 
be  learned.  In  this  rock  secondary  biotite  is  also  quite  abun< 
developed,  as  was  found  so  often  to  be  the  case  in  the  Russian  mel 
phosed  diorites  described  by  Inostranzeff^  The  original  struct 
this  rock  is  now  disguised  almost  beyond  recognition,  but  it  se< 
have  partaken  more  of  the  granular  nature  of  a  diorite  than  < 
ophitic  nature  of  a  diabase. 
No.  11132,  taken  from  the  continuation  of  this  mass  on  the  op 

iStodipn  uber  metam.  Qest,  etc.,  1879,  pp.  61,  82, 109-11^. 


Fig.  24. 
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8ide  of  the  river,  is  essentially  identical  with  it,  but  in  it  the  form  of  the 
original  feldspars  is  better  preserved.  These  may  often  be  seen  in 
well  formed,  lath-shaped  crystals,  which,  in  spite  of  their  extensive  sans- 
saritization,  still  retain  distinct  traces  of  their  plagioclastic  twinning 
strisB.  This  rock  also,  in  distinction  from  the  one  last  described,  con- 
tains some  chlorite  but  no  biotite. 

These  rocks,  like  so  many  others  of  the  Menominee  Eiver  greenstones, 
are  representative  examples  of  the  type  called  by  Giimbel  "  Epidiorit," 
which  is  now  generally  conceded  to  be  an  altered  form  of  diabase.^ 

The  rocks  into  which  these  least  altered  forms  pass  are  representative 
chlorite  schists  and  slates ;  and  there  can  be  no  doubt  that  these  latter 
have  also  resulted  from  the  extreme  effects  of  those  metamorphic  agen- 
cies which  changed  the  eruptive  diabase  to  the  epidiorite. 

IJo.  11130,  collected  just  below  No.  11132,  and  grading  imperceptibly 
into  it,  is  a  schistose  rock,  composed  of  bright  green  chlorite,  finely 
granular  quartz  and,  perhaps,  second- 
ary albite.  The  leucoxene  in  this 
rock  is  particularly  interesting.  It 
still  retains  small  ilmenite  cores  in 
places,  but  it  is  broken  and  pulled 
oat  in  the  direction  of  the  schistositv. 
A  very  considerable  portion  of  this 
leucoxene,  especially  around  the  edge 
of  the  grains,  is  composed  of  highly 
refractive  and  brightly  polarizing,  al- 
though extremely  minute,  colorless 
crvstals.  These  have  an  octahedral 
habit  and  resemble  auatase  (Fig.  25), 
which,  as  both  Diller'  and  Kosen- 
basch^  have  shown,  sometimes  origi- 
nates fiom  the  alteration  of  ilmenite 
(of.  also  Nos.  11060  and  11052  p.  121). 
titles  in  this  rock. 

At  the  northwestern  corner  of  the  basin,  below  the  Lower  Twin  Fall 
(see  map  PL  VI),  the  rock  is  rhomboidally  parted  and  weathers  to  a 
brownish  color.  In  spite  of  its  massive  appearance  it  possesses  a  latent 
tendency  to  cleave  along  the  longest  diagonal  of  the  rhomboidal  prisms, 
and  this  tendency  is  intensified  by  weathering.  Toward  the  east  this 
rock  (No.  11128)  passes  gradually  into  corresponding  slates  (No.  11129). 
Under  the  microscope  these  two  rocks  are  seen  to  be  in  all  respects  the 
equivalents  of  Nos.  11132  and  11130,  above  described.  Their  main  dif- 
ference consists  in  their  being  richer  in  iron,  which  has  oxidized  and 


Fir..  25.— Anataao  derived  from  ilmenite,  No. 
11130,  from  the  Lower  Twiu  Fall.  Magnified 
180  diometere. 

Biotite  also  occurs  in  small  quan- 


>Cf.  Rosenbuscb :  Mikroa.  Physio};.,  2d  ed.,  vol.  2,  p.  205. 
*  Neaea  Jahrbach  fUr  Minora!.,  1883,  vol.  ),  p.  191. 

»Mikro».  Phyftiog.,  Ist  ed.,  vol.  2, 1877,  p.  336;  2d  ed.,  vol.  1,  1885,  p.  332,  cf.  also  Scbenck;  Inaugural 
DisflertfttioD,  Sous.,  1884,  p.  25, 
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stained  the  rocks  brown.  No.  11128  still  retains  much  hornblende,  feld- 
spar, and  ilmenite,  and  the  diabase  structure  is  still  apparent  in  places. 
No.  11129  is,  like  its  counterpart  No.  11130,  a  chlorite  schist  with  the 
hornblende  replaced  by  chlorite,  the  feldspar  by  a  quartz  albite  mosaic, 
its  leucoxene  drawn  out,  and  its  structure  wholly  changed. 

Perhaps  the  most  altered  rock  of  any  encountered  at  the  Lower  Twin 
Fall  is  No.  11139,  which  was  one  of  the  chloritic  slates  on  the  Michigan 
side  of  the  river  below  the  massive  rocks.  This  is  a  very  fine  grained 
aggregate  of  pale  green  chlorite,  quartz,  or  quartz  albito  mosaic  and 
biotite,  the  latter  constituent  being  sparingly  present.  Sharply  defined 
ciystals  of  tourmaline  are  also  abundant  in  this  rock. 

UPPER  TWIN  FALLS. 

At  the  Upper  Twin  Fall  the  same  massive  greenstones  with  a  rhom- 
boidal  parting  prevail,  everywhere  traversed  by  more  or  less  schistose 
bands.  No.  11133  is  the  massive  rock  from  the  left  or  Michigan  side 
of  the  fall.  It  is  much  altered  chemically,  but  preserves  its  original 
structure  almost  perfectly.  When  examined  by  a  low  magnifying  power 
there  is  seen  a  network  of  light  colored,  lath  shaped  feldspar  forms, 
which  are  almost  acicular,  like  those  of  a  porphyrite.  Between  these 
is  an  allotriomorphic  mass  of  a  dark  gray  substance,  representing  the 
former  augite,  or  possibly  a  glassy  base.  When  examined  more  care- 
fully with  a  higher  power,  the  feldspar  is  found  to  be  completely 
replaced  by  a  mixture  of  pale  green  chlorite  and  brown  biotite  in  the 
closest  relationship,  while  in  them  an  occasional  crystal  of  zoisite  is 
imbedded.  The  darker  interstitial  mass  is  composed  largely  of  fibrous 
hornblende  in  Shreds  or  confused,  matted  masses,  but  thejse  f^re  m|ngled 
with  much  impure  and  indeterminable  matter. 

Two  schistose  bandshave  already  been  mentioned  on  p.  129  as  travers- 
ing this  rock  in  difierent  directions.  Of  these,  the  one  striking  S.  73^  E. 
is  the  less  schistose,  and  is  represented  by  specimen  No.  11135.  Though 
much  more  altered  than  the  last,  there  are  here  also  occasional  unmis- 
takable traces  of  the  same  ophitic  structure.  The  representative  of  the 
other  band,  No.  11134,  is  hardly  more  than  a  fine  schistose  aggregate 
of  chlorite,  quartz,  and  calcite,  with  only  the  faintest  indications  of  its 
original  structure,  and  yet  here  there  are  beautiful  leucoxene  borders 
around  unaltered  cores  of  ilmenite.  Narrow  veins  filled  with  a  mixture 
of  calcite  and  chlorite  traverse  all  these  rocks. 

On  the  opposite  or  Wisconsin  side  of  the  Upper  Twin  Falls  the  rocks 
are  apparently  the  same,  but  they  show,  nevertheless,  important  mi- 
croscopic diflerences.  The  massive  forms  represented  by  Nos.  11122, 
11125,  and  11126,  collected  at  difierent  points  between  the  falls  and 
the  bridge,  are  fine  and  confused  aggregates  of  pale  green,  fibrous  horn- 
blende, chlorite,  zoisite,  quartz,  leucoxene,  and  occasionally  (No.  11122) 
a  little  biotite.    All  of  these  minerals  are  of  secondary  origin  and  in 
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the  process  of  their  formation  most  of  the  traces  of  the  former  rock- 
stmctare  have  been  obliterated.  Such  traces  as  still  remain  indicate 
that  the  mother-rock  was  a  diabase,  but  there  are  seen  none  of  the  long, 
aeicolar  feldspar  forms,  discovered  in  the  rocks  from  the  opposite  side 
of  the  river. 

The  schistose  bands  interlaminated  with  these  rocks  are  quite  like 
those  already  described.  One  of  these,  however,  No.  11123,  obtained 
directly  beside  the  falls,  shows  almost  the  only  evidence  of  ftagmental 
origin  anywhere  observed  in  the  Menominee  greenstones.  This  con- 
tains irregular  and  angular  fragments  of  quartz  and  a  slightly  altered 
feldspar  of  considerable  size.  These  are  imbedded  in  a  matrix  of  irregu- 
lar grain,  composed  of  chlorite,  calcite,  quartz,  and  opaque  iron  oxide, 
which  is  accompanied  by  leucoxene.  The  chlorite  scales  often  have  a 
radially  divergent  arrangement  around  the  larger  included  fragments 
of  quarts  and  feldspar. 

Thin  section.  No.  11122,shows  the  contact  of  this  schist  with  the  mass* 
ive  rock.    This  contact  is  so  sharp  as  to  lend  much  additional  proba- 
bility to  the  idea  that  in  this  case  the  two  rocks  are  of  different  origin. 
Socks  of  this  kind  are  to  be  regarded  as  diabase^tuffs,  similar  to  those 
which  are  so  largely  developed  around  Marquette,  and  which  are  to  be 
described  in  the  sequel.    It  is  easy  to  see  how  essentially  the  same  ma- 
terial, whether  produced  as  volcanic  ash  or  as  a  massive  rock,  when 
subjected  for  a  long  period  to  the  action  of  the  same  metamorphosing 
forces,  would  give  rise  to  masses  which,  in  certain  cases,  could  not  be 
distingnished  from  one  another.    This  is  undoubtedly  true  of  many 
oocarrences  on  the  Menominee  Eiver,  and  hence  we  can  speak  with  cer- 
tainly only  of  those  instances  where  sufficient  of  the  original  structure 
is  preserved  to  do  away  with  all  doubt.    Between  undoubted  massive 
rocks  rendered  schistose  by  pressure  on  the  one  hand,  and  fragmental 
toffs  which  have  been  more  or  less  completely  solidified  by  the  same 
agency  on  the  other,  there  must  therefore  be  rocks  whose  original  form 
most  always  be  uncertain. 


i-4 


CHAPTER  IV. 

GREENSTONE  BELTS  OP  THE  MARQUETTE  DISTRICT. 

INTRODUCTORY. 

Ever  since  tbe  discovery  of  iron  in  the  northern  peninsula  of  Michi. 
gan,  in  1844,  by  Burt  and  Houghton,  the  region  around  Marquette  has 
received  much  attention  from  geologists.  Although  not  so  early  known 
as  the  famous  copper  district  of  Keweenaw  Point,  this  iron  region  has 
divided  the  scientific  interest  which  was  before  felt  in  the  copper- 
bearing  rocks. 

Douglass  Houghton,^  Locke,*  Foster  and  Whitney,'  Whittlesey,* 
Kimball,'  Oredner,"  Brooks,^  Wright^'  Wadsworth,*  Rominger,^®  and 
Irving"  have  studied  the  general  relations  of  the  deposits,  while  micro- 
scopical descriptions  of  some  of  the  rocks  have  been  given  by  Julien,^ 
Wright,^'  Wichmann,**  Pumpelly,*'  Wadsworth,^*  and  Irving." 

The  city  of  Marquette  is  situated  on  the  south  shore  of  Lake  Supe- 
rior, about  midway  between  the  C/arp  River  and  the  promontory  known 
as  Presqu'  Isle,  between  which  points  (a  distance  of  about  4  miles)  the 
lake  shore  runs  nearly  north  and  south.  The  city  for  the  most  part 
lies  within  the  square  mile  designated  as  Sec.  23,  T.  48  N.,  E.  25  W., 
Michigan. 

An  excellent  idea  of  the  topography  of  this  region  and  of  that  ex- 
tending for  18  miles  back  of  it  (i.  e.,  westward  from  the  lake)  may  be 
obtained  from  the  large  colored  map  prepared  by  Dr.  C.  Eomingec^* 

'Brooks,  Geol.  Michigan,  toI.  1, 1873,  p.  13. 

>Oeol.  Michigan,  vol.  2, 1873,  p.  239. 

'Senate  Doca.,  1st  session,  30th  Congress,  1847-'48,  II,  Doc.  2.    Report  on  the  Geology  and  Topog- 
raphy of  the  Lake  Superior  Land  Dist.,  Part  11,  Iron  RegioD. 

*ProG.  Am.  Assoc.  Adv.  Sci.,  1850,  vol.  xiii,  part  2,  pp.  301-308 ;  ibid.,  1875,  vol. 24,  part  2,  pp.  80-73. 

*  Am.  Jonr.  Sci.,  2d  series,  voL  xxxiz,  1865,  pp.  200-^3. 

*Zeit8chr.  Dentsch.  geol.  Oesell,  vol.  xxi,  1869,  pp.  510-554. 

'  Geol.  Michigan,  vol.  1, 1873,  part  1.  pp.  1-310. 

•"Geology  of  the  Lake  Superior  Iron  District"  in  Swineford's  History  and  Review  of  the  Copper, 
Iron.  Silver,  Slate,  and  other  Material  Interests  of  the  Sonth  Shore  of  Lake  Superior,  1876,  pp.  132-145. 

*Bnll.  Mus.  Comp.  Zool.,  Cambridge,  vol.  7,  No.  1. 

"G«oL  Michigan,  voL4,  part  x,  Marquette  Iron  Region,  1881,  pp.  1-154. 

" Preliminary  paper  on  an  Investigation  of  the  Archean  Rooks  of  the  Northwest;  Fifth  Ann. Rep. 
TJ.  S.  GeoL  Survey,  1886,  pp.  181-242. 

"Geol.  Michigan,  vol.  2, 1873,  Appendix  A. 

>*Geol.  Michigan,  vol.  2, 1873,  Appendix  C. 

M  "Microscopical  Observations  of  the  Iron-bearing  (Huronian)  Rocks  from  the  region  south  of  Lake 
Superior,"  1876,  Geol.  Wisconsin,  vol.  3,  pp.  600-656. 

"Am.  Jour.  Sci.,  3d  series,  vol.  x,  1875,  pp,  17-21. 

"Bull.  Mus.  Comp.  Zool.,  vol.  7,  Na  1. 

"Bull.  IT.  S.  Geol.  Survey  No.  8,  pp.  27-30. 

i>Geol.  Michigan,  vol.4. 1881,  in  pocket 
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The  general  trend  of  both  the  drainage  and  of  the  geological  forma- 
tioDs  within  this  area  is  toward  the  east.  The  two  main  streams  follow 
somewhat  irregular  but  approximately  parallel  (eastward)  courses  and 
empty  into  the  lake  about  four  miles  apart.  The  more  northerly  of 
these  is  called  the  Dead  Eiver ;  the  more  southerly  the  Carp. 

The  general  surface  of  this  area  rises  by  degrees  from  the  level  of 
the  lake  to  an  elevation  of  about  1,000  feet  above  the  lake.  This  snr- 
fece  is,  however,  extremely  broken  and  hilly,  being  traversed  by  east 
and  west  ridges  composed  of  rows  of  rocky  knobs.  These  elevations  are 
never  over  two  hundred  feet  in  height  from  the  base ;  usually  they  are 
mach  lower  (from  one  hundred  to  fifty  feet  or  even  less).  They  all  have 
roQDded  outlines  produced  by  the  wearing  action  of  the  great  glacier, 
evidences  of  which  are  everywhere  apparent  in  the  smoothly  polished 
and  freqaently  striated  rock  surfaces.  These  knolls  rise  from  the  even 
level  of  a  plain  produced  by  the  glacial  debris  deposited  between  them. 

An  account  of  the  general  geological  structure  of  the  Marquette  region 
bas  already  been  given  in  Prof.  Jrving's  explanatory  note  at  the  begin- 
Ding  of  this  paper,  in  which  is  included  also  a  summary  of  the  different 
views  held  by  various  writers  with  regard  to  the  stratigraphical  posi- 
tion and  origin  of  the  rocks  of  the  greenstone-schist  area,  which  forms 
the  subject  of  this  part  of  the  present  essay.  In  connection  with  this 
account  has  also  been  given  a  geological  map  of  the  Marquette  region, 
<^iDpiIed  by  Professor  Irving  from  the  maps  of  Brooks  and  Bominger 
and  from  original  observations  of  his  own.  (PI.  I.)  It  will  not  there- 
fore be  necessary  for  me  to  present  anything  further  as  to  these  general 
inatters  in  the  present  connection. 

Special  references  to  the  petrographical  work  of  others  on  the  Mar- 
quette rocks  will  be  made  in  the  course  of  the  following  detailed  descrip- 

tiOQS. 

In  some  respects  the  greenstones  of  the  Marquette  area  seem  pecu- 
I^ftriy  suited  to  throw  light  upon  the  dynamic  metamorphism  of  basic 
emptives,  since  a  portion  of  these  rocks  seem  to  have  been  extruded 
^th  during  and  subsequent  to  the  action  of  the  metamorphosing 
forces.  Hence  we  find  the  same  eruptives  in  different  stages  of  altera- 
^o&*  Moreover,  fragmental  material  (tuft)  of  the  same  nature  and 
^^Rin  of  the  massive  rocks  is  abundantly  developed,  and  this  too 
shows  varying  stages  of  consolidation  into  masses  which  closely  re- 
scDible  the  solid  rock.  This  great  variety,  while  it  is  full  of  interest 
^d  suggestions  of  new  possibilities,  is  frequently  very  confusing.  It 
<^ften  becomes  impossible  to  speak  with  certainty  about  the  origin  of  a 
^k  which,  on  account  of  its  many  analogies,  we  may  regard  as  hav- 
^g  been  produced  in  several  dift'erent  ways. 

The  general  similarity  of  the  greenstone  schists  of  the  Marquette 
AQd  Menominee  areas  will  be  brought  out  in  the  following  pages.  It  is 
worthy  of  mention  that  the  greenstone  schists  of  both  of  these  regions 
have  a  strong  resemblance  to  some  of  the  greenstones  and  agglom- 
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erates  of  the  extensive  group  of  rocks  occurring  on  the  Lake  of ^  the 
Woods  and  on  Rainy  Lake  in  Canada,  to  which  Mr.  Andrew  O.  Law- 
son,  of  the  Canadian  Geological  Survey,  has  given  the  name  of  Kee- 
watin  series.  This  series  he  regards  as  belonging  immediately  be- 
neath the  Huronian,  which  is  represented  in  those  northern  regions 
by  the  so-called  Animik6  series.^  This  is  also  the  position  which  the 
greenstone  schists  of  JViarquette  occupy,  since  they  quite  unmistak- 
ably underlie  the  iron -bearing  detrital  rocks,  which,  according  to 
Irving,  are  the  equivalents  of  the  true  Huronian.  According  to  Irving 
also  the  greenstone  schists  here  probably  underlie  the  overlying  iron- 
bearing  series  unconformably. 

The  Marquette  greenstone-schist  belt,  which  at  the  lake  shore  is 
between  2  and  3  miles  wide,  extends  to  the  westward  for  about  6  miles, 
without  materially  altering  its  form  or  width.  It  then  broadens  sud- 
denly by  a  wide  extension  toward  the  north,  and  at  the  same  time  is 
divided  into  two  portions  by  the  eastern  extension  of  a  narrow  arm  of 
granite  (See  map,  PI.  I).  The  southern-  of  these  portions  continues  a 
due  westward  course  with  an  average  width  equal  to  that  of  the  entire 
belt  before  its  division.  The  northern  portion  is  separated  from  the 
southern,  first  by  granite,  and  then  to  a  greater  and  greater  extent  by 
a  large,  wedge  shaped  area  of  the  rocks  of  the  overlying  iron-bearing 
or  Huronian  series. 

For  convenience  in  arranging  the  following  petrographieal  descrip- 
tions the  ground  covered  has  been  divided  Into  four  areas,  which  will 
be  considered  in  order:  (1)  The  eastern  area,  near  Marquette;  (2)  the 
western  area,  immediately  north  of  Teal  Lake,  in  the  town  of  Negaunee ; 
(3)  the  northern  area,  lying  north  of  Dead  Eiver,  and  (4)  the  Deer  Lake 
area,  a  short  distance  north  of  the  town  of  Ishpemiug.  The  last  named 
area  was  not  studied  by  the  writer  in  person,  specimens  from  it,  with 
full  descriptive  notes,  having  been  sent  to  him  by  Professor  Irving  for 
comparison  with  the  collections  which  the  writer  had  himself  made  in 
other  areas. 

In  the  eastern  or  Marquette  area  the  whole  width  of  the  greenstone 
belt,  including  the  granite  contact  on  the  north,  was  studied  for  a 
distance  of  3  miles  west  from  the  lake  shore.  In  the  western  or 
Kegaunee  area  two  sections  were  run  northward  across  the  greenstone- 
schist  belt,  one  passing  through  Sees.  21,  28,  and  33,  T.  48  N.,  B.  26 
W.'y  the  other  through  Sees.  13,  24,  26,  and  36,  T.  48  N.,  K.  27  W. 
In  the  northern  area  the  examinations  made  were  carried  on  from  a 
camp  situated  in  Sec.  9,  T.  48  N.,  E.  26  W.,  and  embraced  the  area 
covered  by  Sees.  3,  4,  5,  8,  9,  10,  and  11  of  this  township. 

The  first  of  these  areas  is  the  most  varied  in  its  petrographieal 
characters,  and  it  was,  therefore,  the  most  thoroughly  studied.     It  is 

'See  Greneral  Report  of  Progress  of  the  Goolot^ical  Sarvoy  of  Canada  for  1885;  also  of  Am.  Jour. 
Sci.  (8d  series),  vol.  33,  18(37,  p.  473.  I  am  indebted  t4)  Dr.  Lanrson  for  the  opportanlty  of  exAinltiinf^ 
the  extensive  snite  of  the  Rainy  Lake  rocks,  upon  the  microscopical  stady  of  which  he  was  euKnged 
in  the  petrographieal  laboratory  of  Johns  Hopkins  University  in  the  winter  of  le86-*87. 
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divided  into  two  portions  of  nearly  equal  extent  by  the  narrow  ei»t 
and  west  band  of  iron-bearing  slates,  to  which  Bominger  applied  the 
name  of  Enreka  series.    The  northern  portion  of  the  Marqaette  area, 
extending  firom  Lake  street,  Marquette,  northward  to  the  granite,  is  in 
large  part  composed  of  banded  greenstone  schists,  having  an  east  and 
^est  strike,  and  a  steep  northern  dip.    They  are  most  conveniently  seen 
11)  typical  development  on  Lighthouse  Point.    The  layers  of  these  rocks 
^  alternately  of  a  darker  and  lighter  shade  of  green,  which  gives  these 
particular  greenstones  their  characteristic  striped  appearance.   In  these 
banded  rocks  of  the  nokthern  part  of  the  Marquette  area  intrusions  of 
comparatively  little  altered  acid  and  basic  matter  are  abundant.     These 
are  for  the  most  part  conformable  to  the  bedding  of  the  schists  and 
embrace  granites,  gneisses,  schistose  porphyries,  diorites,  and  diabases. 
Whenever,  in  these  undoubtedly  eruptive  rocks,  a  schistose  structure 
is  apparent,  this  is  conformable  to  the  bedding  of  the  banded  green- 
stone schists. 

The  south  em  portion  of  the  area  about  Marquette,  on  the  other 
hand,  is  occupied  by  much  more  massive  and  homogeneous  greenstones 
of  a  nearly  uniform  light  green  color,  and  an  almost  aphanitic  stmct- 
are.  These  are  characterized  by  their  division  into  oval  or  lenticular 
areas  which  interlace  and  which  are  separated  by  a  finely  schistose 
material  of  much  finer  grain.  This  peculiar  parting,  which,  accord- 
ing to  the  writings  of  the  Canadian  geologists,  appears  to  have  a  very 
widespread  distribution  through  the  greenstones  of  the  Northwest,  at 
first  glance  resembles  the  spheroidal  weathering  of  many  eruptive  rocks. 
There  is,  however,  better  reason  tbr  regarding  it  as  of  mechanical 
origin,  as  will  be  more  fully  explained  in  Ohap.  Y. 

The  schistose  structure  of  the  southern  Marquette  greenstones  is  of 
aecondary  origin,  due,  probably,  in  almost  every  case,  to  pressure,  while 
anything  like  the  banding  or  striping  of  the  more  northern  rocks  is  here 
-wholly  wanting.  Intrusive  rocks  are  rarer  than  in  the  banded  green- 
stones of  the  northern  portion  of  this  area.  When  such  dikes  do  occur 
they  are  much  more  altered  and  hence  approach  closely  to  the  enclos- 
ing rock — a  fact  which  renders  their  detection  difficult. 

The  two  portions  of  the  Marquette  greenstone  area  are  therefore 
broadly  distinguished  in  many  of  their  petrographical  characters.  The 
east  and  west  band  of  iron  shales,  mentioned  above  as  separating 
them,  extends  from  the  north  side  of  Marquette  harbor  (Lake  street) 
westward  along  the  northern  side  of  the  Duluth,  South  Shore  and 
Atlantic  Bailroad.  They  seem  to  be  identical  with  certain  members  of 
the  iron  series  and  at  one  point,  about  two  miles  west  of  Marquette,  they 
actually  contain  quite  an  extensive  deposit  of  hematite.  It  is  here 
that  the  Eureka  shaft  was  sunk  at  an  early  date  in  the  history  of  iron 
mining  in  the  Marquette  region,  and  from  this  Dr.  Bominger  has  taken 
his  name  for  this  series  of  Huronian  beds.  To  make  the  references  to 
localities  in  the  Marquette  area  more  intelligible,  a  sketch  map  of  the 
environs  of  the  city  is  here  appended,  PI.  YII. 
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With  reference  to  the  other  two  areas  examined  it  is  here  sufficient 
to  say  that  the  greenstones  of  the  western  or  Negannee  area  more 
closely  resemble  those  exposed  in  the  southern  portion  of  the  Marquette 
region ;  while  the  rocks  encountered  in  the  northern  area  show  many 
points  of  likeness  to  those  occurring  north  of  Marquette. 

BOOKS  OF  THE  NOBTHEBN  POBTION  OF  THE  HABQUBTTE  ABEA. 

BASIO  INTRUSIVES. 

Diabase. — ^Diabase  in  well  defined  dikes  of  various  sizes  is  an  impor- 

« taut  feature  in  the  geology  of  the  northern  portion  of  the  Marquette 

greenstone  area.    This  rock  occurs  in  all  stages  of  preservation  from 

an  unaltered  condition  to  a  hardly  recognizable  aggregate  of  secondary 

and  decomposition  products. 

In  all  the  freshest  specimens  examined  olivine  is  present,  but  with 
the  commencement  of  alteration  this  mineral  is  the  first  to  disappear 
In  many  cases,  therefore,  where  the  rock  may  still  be  recognized  as  a 
typical  diabase,  it  is  now  impossible  to  say  whether  it  was  originally 
olivine-bearing  or  not. 

The  next  stage  in  the  alteration  is  marked  by  the  change  of  the 
pyroxene  to  uralite,  and  the  more  or  less  synchronous  passage  of  the 
feldspar  into  saussurite  and  of  ilmenite  into  leucoxene. 

Still  later  follows  the  development  of  such  final  decomposition  prod- 
ucts as  chlorite,  epidote,  calcite,  quartz,  etc.  The  extent  to  which  these 
chemical  changes  destroy  the  original  diabase  structure  differs  in  dif- 
ferent cases.  As  a  rule  this  remains  distinct  during  the  first  two  stages 
of  alteration,  while  it  generally,  tboagh  not  always,  disappears  during 
the  third.  In  some  instances  a  pronounced  schistose  structure  has 
been  developed  in  undoubted  diabase  dikes  by  extensiv^e  alteration. 

The  Great  Dike. — The  best  material  for  the  study  of  the  fresh  olivine 
diabase  near  Marqaette  was  obtained  from  the  great  dike  which  forms 
the  center  of  Lighthouse  Point  (see  Pis.  I  and  YII).  Here  its  eruptive 
character  may  be  admirably  seen  by  the  sharp  line  of  contact  which  it 
presents  with  the  adjoining  banded  green  schists.  This  dike  may  be 
traced  by  several  out<)rops  along  Michigan  street  in  Marquette,  and 
then  as  a  high,  rocky  ridge  which  extends  for  some  three  miles  westward, 
through  Sections  15  and  16,  just  north  of  the  main  road  from  Marquette 
to  Fegaunee. 

From  various  portions  of  this  dike  nine  specimens  were  collected. 
The  four  freshest  of  these  specimens  (Nos.  11617  and  11622,  from  Light- 
house Point ;  No.  11636,  from  Lighthouse  Point  quarry,  and  No.  11666, 
from  a  cutting  on  Michigan  street)  are  not  to  be  distinguished  from 
one  another. 

The  structure  of  this  work  is  the  hypidiomorphic  diabase  struct- 
ure,^ which  forms  one  of  the  most  certain  characteristics  of  this  group 

1  "StmotnTO  ophitlqne**  of  Foaqu6  and  Michel*L6vy,    "  DlyerKent-strahligkdrnige  Stmotar  *'  of 
IiOBflen,  and  "  Diabasitohlcdmige  Straotnr  "  of  Bosenbaach. 
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of  eraptives.  The  grain  is  of  mediam  coarseness.  The  lath-shaped 
plagioclase  crystals  measure  from  1.5  to  l*"*"  by  0.25  to  0.15™"*.  The 
interstices  between  these  are  filled  with  aagite  and  ilmenite.  The  min- 
eral components  observed  ander  the  microscope  are,  in  order  of  their 
age,  as  follows : 

:Essmtial :  OUvine,  labradorite,  angite,  {SS^ltite,} 

Accessory  :  Apatite,  hornblende,  biotite,  quartz. 

Secondary  :  Serpentine,  uralite. 

The  olivine  is  mostly  in  rounded  grains  or  in  irregular  areas,  although 
it  sometimes  shows  evidences  of  a  crystal  form,  especially  the  acute 
angle  due  to  the  intersection  of  two  dome  faces  (notably  in  No.  11666). 
It  is  commonly  wholly  changed  to  serpentine,  but  in  a  few  instances 
remnants  of  the  original  transparent  olivine  substance  remain. 

The  feldspar  is  always  a  plagioclase  with  the  peculiar  elongation  of 
the  crystal  in  the  direction  of  the  brachydiagoual  axis,  which  is  charac- 
teristic of  diabase.  The  crystals  are  always  striated,  often  minutely  so. 
The  extinction  is  generally  sharp,  although  an  undulatory  extinction 
is  sometimes  observed. 

The  angite  is  quite  normal  for  diabase.  It  is  of  a  light,  slightly 
reddish  shade  of  gray,  with  a  perfect  cleavage  parallel  to  the  prism. 
Twins  are  very  common,  and  the  line  of  the  lamellad  may  be  seen  in 
ordinary  light  traversing  th^  basal  sections  and  bisecting  the  cleavage 
angles.  In  polarized  light  the  colors  distinguishing  the  twin  lamellse 
are  very  brilliant.  No  crystal  form  is  ever  recognizable,  the  mineral 
being  typically  "  xenomorphic,''  in  the  sense  used  by  Kohrbach.^ 

Quartz  is  rare  in  diabase,  but  where  it  occurs  as  it  does  in  No.  11666 
we  must  regard  it  as  an  original  constituent,  on  account  of  the  extreme 
freshness  of  the  whole  specimen. ' 

The  iron  oxide  is  entirely  opaque  and  shows  a  very  irregular  outline. 
This  is  mostly  due  to  the  penetration  into  it  of  the  feldspar  crystals 
whose  form  is  clearly  shown.  Its  crystallization  must  therefore  have 
been  subsequent  to  that  of  the  feldspar,  and  was  apparently  about 
synchronous  with  that  of  the  augite.  The  oxide  itself  is  probably 
partly  ilmenite  and  partly  a  titaniferons  magnetite.  In  none  of  the 
freshest  specimens  does  it  show  trace  of  leucoxene.  It  is,  however, 
sometimes  partially  surrounded  by  a  border  of  biotite. 

Original  hornblende  is  rare  in  this  rock,  but  traces  of  it  were 
observe  in  a  few  instances. 

Among  the  alteration  products  serpentine  is  abundant  wherever 
olivine  existed,  but  the  rock  is  still  too  fresh  to  show  more  than  the 
most  occasional  uralitization  of  the  pyroxene. 

The  five  other  specimens  collected  from  this  great  dike  show  more 

■Tscbennak's  mineral,  n.  petroii:.  Mittheil.,  vol.  7,  1885.  Kofarbach's  two  terms,  "anthomorphic" 
mad  "xemomorphic,"  adopted  by  Kalkowsky  (Litholo^iQ,  1886,  p.  14)  were  replaced  by  Rosenbiisob  in 
tbe  laat  edition  of  bla  Mauige  Gesteine  by  "  idlomorphic  '*  and  "  allotriomorphio."  though  for  what 
vMMoo  ia  not  apparent. 

>Cf.  Sosenbasoh,  Mikroa.  Physiog.,  2d  ed.,  vol.  2, 1886,  p.  18& 
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altered  forms  or  abnormal  varieties  of  the  same  rock.    They  are 
follows : 

No.  11621,  glassy  diabase. 

Ko.  11676,  granophyre  diabase. 

No.  11672,  uralite  diabase  (structure  intact). 

No.  11615,  uralite  diabase  (structure  intact). 

No.  11610,  epidiorite  schist  (structure  gone). 

No.  11621,  collected  near  No.  11622  from  the  side  of  the  great  dike  on 
Lighthouse  Point,  is  a  glassy  modification  of  the  diabase,  produced  by 
the  rapid  cooling  of  the  molten  mass  against  the  inclosing  walls.  The 
microscoi>e  shows  this  rock  to  be  composed  of  a  very  dark  brown  glass^ 
which  can  be  rendered  transparent  only  with  the  greatest  difficulty. 
This  opacity  is  due  to  the  accumulation  of  minute  globulitic  bodies, 
which  can  be  detected  only  with  the  highest  magnifying  power  in  the 
thin  nest  parts  of  the  slide.  Traces  of  the  arborescent  and  fern-like  forms 
common  in  basic  glasses  (tachylite)  are  easily  recognizable.  The  only 
mineral  constituents  which  have  crystallized  in  this  rock  are  olivine 
and  feldspar.  The  former  shows  well  defined  crystals.  These  fire- 
quently  contain  inclusions  of  the  brown  glass,  and  are  now  wholly 
changed  to  a  yellowish  green  serpentine.  The  feldspar  shows  the  nar- 
row, lath-shaped,  and  but  partially  completed  crystalloids  and  skeleton 
forms  which  abound  in  all  glassy  rocks.  These  are  filled  with  either 
penetrations  or  inclusions  of  the  brown,  glassy  base. 

The  chemical  constituents  of  the  other  diabase  minerals — augite, 
ilmenite,  etc.,  are  still  present  in  the  glass. 

No.  11675  presents  an  unusual  modification  of  this  diabase.  The  speci- 
mien  was  collected  from  the  high,  rocky  ridge  which  is  formed  by  the 
great  dike  in  the  southern  part  of  Section  16,  about  one  and  a  half 
miles  west  of  Marquette.  The  hand-specimen  is  browner  than  is  usual 
in  this  diabase  and  is  speckled  with  reddish  'spots.  Under  the  micro- 
scoi>e  the  grain  is  found  to  be  of  the  usual  coarseness  and  the  rook 
itself  slightly  more  altered  than  the  specimens  above  described. 

The  structure  of  the  rock  is  still  perfectly  preserved.  The  ilmenite 
is  unaltered,  and,  as  before,  is  frequently  fringed  with  biotite.  The  feld- 
spar  is  clear  and  its  twinning  striations  are  very  distinct,  although  it  is 
traversed  by  many  interlacing  veins  of  a  green  chloritic  alteration  pro- 
duct There  are  no  certain  traces  of  olivine  in  this  rock  and  the  augite 
has  undergone  extensive  change  to  a  brownish  yellow  hornblende. 
This  is  partly  fibrous,  but  also  in  part  quite  compact.  Indeed,  this  rock 
offers  a  noteworthy  instance  of  the  apparent  change  of  augite  directly 
into  compact  brown  hornblende.  Much  more  of  this  mineral  is  here 
present  than  in  any  of  the  fresher  specimens  examined.  It  is  impossible 
to  assert  positively  that  some  of  it  did  not  exist  as  an  original  com- 
ponent of  the  rock,  but  the  frequent  cases  of  its  undoubted  derivation 
by  paramorphism  of  the  aagite  makes  it  at  least  probable  that  all  the 
hornblende  has  originated  in  this  way. 

The  reddish  spots  spoken  of  as  visible  in  the  hand-specimen  represent 
a/^otherinteresting feature  of  t!»i>i  r,>ck.    Tbey  are  shown  by  the  micro- 
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B^X^«  to  be  areas  of  a  regular  intergrowth  of  feldspar  sabstance  and 

^om^xiz.    This  is  sometimes  in  the  form  of  grauophyre.  i.  e.,  in  slender 

^b^Ks,  which  group  themselves  in  radiating  tufts  about  a  clear  fridspar 

<^&taly  and  sometimes  it  shows  the  structure  called  nuax>pegmatite. 

^I^l^i^  latter  consists  of  small  angular  areas  of  quartz,  each  having  the 

^>^<ne  optical  orientation,  which  are  embedded  in  the  reddish  globulitio 

iel^ispar  substance.^ 

^ftoite  recently  Mr.  Waldemar  Lindgren  has  described  a  similar  struct- 
in  a  diabase  from  the  Big  Belt  Mountains,  Montana.^ 
was  also  observed  by  the  writer  some  years  ago  in  a  diabase  fh>m 
nt  Valley,  New  Jersey,  a  specimen  of  which  he  received  from 
ir.  J.  F.  Kemp,  of  Cornell  University. 

lEtoseiibusch^  regards  this  structure  as  sufficient  proof  that  the  quartz 
original,  but  the  observations  of  Irving^  in  the  Keweenawan  felsites 

others  make  this  conclusion  doubtful, 
^^o.  11672,  collected  at  the  corner  where  the  road  running  west  from 
^^^^^Uins  Furnace  joins  the  road  leading  to  Bancroft  on  the  Dead  Biyer 
l^^^nter  of  Sec.  17,  T.  48  K,  B.  25  W.),  is  a  nralite  diabase,  whose 
^^^ructure  is  still  perfectly  preserved. 

TFhe  large  crystals  of  idiomorphic  feldspar  are  in  part  clear,  but  to 
^  ^considerable  extent  clouded  by  the  development  of  saussurite. 

The  allotriomorphic  augite  is  in  some  cases  intact  or  remains  as  a 

^^Ore  in  the  center  of  the  secondary  hornblende  which  has  been  derived 

^VH>m  it.    More  frequently,  however,  the  hornblende  or  uralite  haswholly 

^^placed  the  pyroxene.    Its  structure  is  oftener  compact  than  fibrous, 

^nd  its  form  reproduces  exactly  that  of  the  original  augite.    Quartz 

^^^oreas  are  not  uncommon.    The  ilmenite  is  mostly  changed  to  leucoxene. 

^ear  one  large  grain  of  the  latter  is  seen  an  area  of  brown  mica,  which 

&«  filled  with  a  sagenitic  network  of  minute  rutile  needles. 

No.  11615,  from  an  outcrop  of  this  same  great  dike,  at  the  bottom  of 
%lie  hill,  which  forms  the  eastern  end  of  Arch  street,  Marquette,  repre- 
sents the  next  stage  of  alteration  in  the  diabase. 

The  original  structure  is  still  plainly  recognizable,  although  it  is  be- 
ginning to  be  concealed  by  alteration. 

The  feldspars  exhibit  their  characteristic  lath-like  forms,  but  the 
sharpness  of  the  outlines  and  more  or  less  of  the  internal  substance  is 
clouded  by  secondary  products.  These  seem  to  be  for  the  most  part 
small  hornblende  needles  which  have  wandered  in  from  the  alteration 
of  the  pyroxene,  but  in  some  places  epidote  is  also  developed  from  the 
alteration  of  the  feldspar  itself.  Still,  in  nearly  every  case  enough  of 
this  unchanged  feldspar  is  present  to  show  plainly  its  original  form  and 
twinning  structure. 


*  This  peculiar  stmcture  was  first  observed  in  diabase  by  Tornebohm  in  1877  (Kenes  Jahrbach 
(Or  Mineral.,  1887,  p.  282),  who  found  it  in  his  Eonga-diabase  type  of  southern  Sweden,  and  named 
tt  "Sehriftfeldspath." 

'Tenth  Census  Repts.,  U.  S..  vol.  15, 1887,  p.  736. 
■  Mikros.  Phyilog.  Zd  ed.,  voL  2. 

*  Ct  XoD.,  T7.  S.  GeoL  Survey  voU  5,  p.  111. 
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The  augite  is  in  the  process  of  changing  to  hornblende.  This  altera- 
tion is  sometimes  complete,  but  oftener  cores  remain  in  the  center  of 
what  was  the  original  pyroxene  crystal.  The  border  of  hornblende  is 
donble,  consisting  of  a  wider  internal  band  of  yellowish  brown  fibers 
which  have  apparently  resulted  directly  from  the  angite  substance,  and 
.  a  narrower,  outer  zone  of  bright  emerald  green,  pleochroic  needles 
which  seem  to  project  into  the  surrounding  feldspar.^  The  individuals 
of  the  inner  zones  are  much  smaller  than  those  of  the  outer,  and  form 
a  oonfused,  felt-Iike  mass,  while  the  external  needles  as  a  rule  have 
their  longest  axes  parallel.  These  needles  are  most  developed  in  the 
direction  of  the  vertical  axis  of  the  augite.  They  may  owe  their  differ- 
ent coloring  to  the  influence  of  the  feldspar  substance  which  has  con- 
tributed to  their  formation.  In  some  cases  the  secondary  hornblende 
appears  to  be  homogeneous  over  considerable  areas,  exhibiting  a  uni- 
form extinction  and  a  comparatively  compact  character.  This  can  not, 
however,  be  regarded  as  original  in  its  nature. 
.  The  ilmenite  still  retains  its  form  but  is  largely  changed  to  leucoxene. 

No  traces  of  olivine  were  found  in  this  rock,  probably  because  of  its 
altered  condition. 

No.  1I6I6  is  instructive  when  taken  in  connection  with  the  specimen 
last  described,  No.  11615.  Both  were  collected  from  the  large  and 
smoothly  glaciated  surface  of  trap,  exposed  at  the  east  foot  of  Arch 
street.  Through  the  massive  rock  run  a  number  of  schistose  bands, 
produced  by  crushing  and  shearing  along  lines  of  weakness.  One  of 
these  bands  furnished  the  present  specimen.  There  can  be  no  doubt 
that  these  bands  are  a  part  of  the  massive  rock.  Both  were  the  same 
before  the  schistose  bauds  were  produced  by  more  intense  mechanical 
and  chemical  action. 

Under  the  miscroscope  the  appearance  of  these  two  specimens  is 
found  to  accord  fully  with  their  field  relations.  The  original  diabase 
structure,  so  distinct  in  the  massive  rock,  has  wholly  disappeared  in  the 
schistose  one.  There  are  no  traces  of  lath-shaped  feldspar  left.  The  rock 
is  mainly  composed  of  a  confused  network  of  fibrous,  very  pale  green 
and  slightly  pleochroic  hornblende  needles.  These  are  sufficiently  par- 
allel in  their  arrangement  to  produce  the  schistose  structure  of  this 
rock.  They  are  secondary — ^formed  from  the  alteration  of  the  augite  or 
the  joint  alteration  of  the  pyroxene  and  feldspar — as  maybe  admirably 
seen  in  section  No.  11615,  where  they  are  in  the  process  of  formation. 
Scattered  among  this  hornblende,  is  considerable  cloudy  and  nearly 
opaque  saussuritic  substance,  mixed  with  more  or  less  secondary  quartz, 
both  of  which  have  been  derived  from  the  feldspar.  The  ilmenite  also 
has  undergone  an  interesting  alteration  and  is  here  represented  by 
cloudy  leucoxene,  with  only  occasional  opaque  black  dots  of  the  origi- 
nal mineral.  This  substance  is  arranged  in  long  stringers  and  shreds 
which  follow  the  direction  of  the  schistose  structure. 

1  On  tlie  production  of  a  aloailar  doable  uralito  zone  around  pyroxene.  See  Lomen:  Erlaut  z.  fSfiolL 
fipeoialkarte  Ton  Preusaenu.  d.  thiiring.  Staateu,  9Utt  Sapsgefodo,  p.  61, 1882  •,  iw4  Wi}|i(^;  ^\^ 
V»  9i  Qwh  ^^Ty9J^  JTP'  9^  P'  *2,  ?i.  If  Jig,  i, 
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Here  we  have  an  nndoabted  instance  of  the  dynamic  metamorphism 
of  a  diabase,  where  every  stage  in  the  process  can  be  followed.  Every 
mineral  of  the  schist  can  with  certainty  be  traced  to  its  original  form, 
and  yet  the  chemical  alteration  has  been  accompanied  by  snch  a  change 
of  poBition  (migration)thatthe  original  structure  has  wholly  disappeared 
and  a  new  and  diffetent  structure  has  been  produced.  This  derived 
rock  is  quite  identical  with  some  of  the  most  characteristic  so-called 
hornblende  or.  actinolite  schists. 

The  chemical  action  has  here  been  proportionately  increased  by  the 
ernshiog.  This  seems  true  for  all  the  constituents,  as  there  are  no 
traces  of  the  fresh  fragments  of  broken  feldspar  crystals  which  were  so 
often  observed  in  analogous  greenstones  of  the  Menominee  region. 

There  is  an  excellent  section  through  the  rocks  of  the  northern  por- 
tion of  the  Marquette  area,  exposed  by  a  brook  which  flows  northward 
almoet  along  the  line  between  Sections  15  and  16  (hardly  over  a  mile 
vest  of  the  city)  and  empties  into  Dead  Biver.  Between  the  road  lead- 
iiig  from  Marquette  to  GoUins's  Furnace  and  that  forming  the  main  high- 
way to  l^egaunee,  this  small  stream  has  excavated  a  deep  ravine,  upon 
the  high,  steep  sides  of  which  the  relationship  of  the  different  rocks  is 
admirably  diplayed.  This  locality  is  described  by  Dr.  Bominger,^  and 
for  convenience  we  will  in  future  allude  to  it  as  the  Brook  section. 
(See  PL  VIL) 

Here  were  encountered  several  exposures  of  fresh  olivine  diabase. 
One  of  these,  N^o.  11708,  was  taken  from  the  branching  dike  in  the 
^all  of  greenschist  and  granite,  which  Bominger  has  described  and 
fignred.'  This  rock  resembles  the  freshest  specimens  obtained  from 
the  great  dike,  except  that  its  grain  is  finer,  as  might  be  expected  in 
a  mass  of  so  much  smaller  size.  Ko  trace  of  alteration  is  here  visi- 
ble, except  in  the  olivine.  This  constituent  is  not  abundant,  but  it 
<HXiasionally  appears  in  well  shaped  crystals,  which  are  completely 
changed  to  yellow  ser|)entine.  The  iron  oxide  presents  in  its  form  a 
decided  contrast  to  that  above  described.  In  this  rock  it  was  produced 
much  eifflier  than  in  the  other,  and  hence  it  has  a  well  developed  crystal 
fona.  This,  as  seen  under  the  microscope,  is  square  (octahedral  section), 
which  may  be  an  indication  that  the  mineral  is  magnetite  instead  of 
ilmenite,  as  before.  The  feldspar  and  pyroxene  of  this  rock  need  no 
special  comment. 

Ko.  11719,  obtained  near  the  edge  of  another  dike  not  far  from  the 
^t  mentioned  one,  is  only  semi-crystalline.  Its  brown,  glassy  base  re- 
Bibles  that  of  No.  11621,  but  crystallization  is  farther  advanced.  The 
sharply  defined  olivine  and  feldspar  crystals  are  quite  the  same,  but  a 
^aet  number  of  smaller  feldspar  crystals  are  here  developed  in  the  base. 
Only  a  very  little  augite,  and  that  in  rounded  grains,  is  present.  This 
wk  would  be  correctly  termed  a  melaphyre. 


^n«^ 


>0«ol.  Miohigao;  vol.  4,  p.  ^, 
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JS'o  11679  is  from  the  center  and  Ko.  11680  from  the  edge  of  jh  dike 
of  porphyritic  greenstone,  which  intersects  the  banded  greenschists  on 
the  western  side  of  the  Brook  section,  not  far  from  its  southern  end. 

The  first  of  these  rocks  has  a  coarsely  porphyritic  structare,  which, 
on  aooonnt  of  its  altered  condition,  is  only  prominent  on  a  weathered 
smfaoe.  A  fresh  fracture  appears  of  an  almost  even  gray  color,  re- 
sembling some  of  the  finer  greenstones.  Under  the  microscope  this 
specimen  is  found  to  correspond  admirably  to  the  descriptions  of 
the  rook-l^pe,  named  by  GUmbel  ^^epidiorite."  The  angite,  reddish 
brown  cores  of  which  still  remain,  is  largely  changed  to  fibrous  horn- 
blende. This  mineral  is  mostly  of  a  pale  brown  color,  but  often  has  a 
bright  green  edging  where  it  adjoins  the  feldspar  substance,  as  has 
already  been  noted  in  the  case  of  No.  11615  (p.  141).  The  feldspar  is 
'Still  dear  and  fresh,  showing  the  characteristic  lath-shaped  forms  of 
diabase.  It  is  only  rarely  clouded  by  small  patches  of  a  gray  sanssurite. 
Much  more  abundant  in  this  feldspar  are  veins  and  small  areas  of  green 
hornblende  needles,  which  owe  their  existence  mostly  to  the  pyroxene, 
though  the  feldspar  seems  also  to  have  aided  in  their  formation.  They 
are  especially  abundant  in  cracks,  along  which  the  substance  appears 
to  have  wandered  from  the  decomposing  augite.  This  hornblende  is 
finely  fibrous  and  forms  matted,  felt- like  masses.  There  is  but  little 
chlorite  and  secondary  quartz  in  this  rock.  The  ilmenite  is  largely 
changed  to  leucoxene  and  occasionally  surrounded  by  a  rim  of  biotite. 

The  second  of  these  two  specimens  (No.  11680)  from  the  edge  of  this 
dike,  shows  an  extremely  fine  grained,  greenish  ground  mass,  whose 
components  are  very  weakly  polarizing  and  hardly  determinable.  This 
was  perhaps  once  a  glass  which  has  become  devitrified  and  viriditic 
In  it  are  imbedded  sharp,  lath-shaped  plagioclase  crystals,  which  are 
either  unaltered  or  at  most  penetrated  by  veins  of  actinolite  needles, 
and  augite  almost  wholly  changed  to  hornblende  or  chlorite. 

The  following  five  rocks  are  also  good  representatives  of  the  epidio- 
ritic  type.  They  are  largely  composed  of  either  light  or  dark  green, 
fibrous,  secondary  hornblende.  In  none  of  them  does  any  trace  of  au- 
gite now  remain,  and  it  is  possible  that  some  of  them  were  originally 
true  diorites,  like  the  rocks  to  be  described  under  the  next  head.  How- 
ever, the  unmistakable  evidences  of  diabase  structure  often  apparent 
render  it  more  probable  that  these  rocks  all  belonged  originally  to  this 
type. 

No.  11663,  from  Pine  street  jast  north  of  Michigan  street,  Marquette, 
is  most  like  a  true  diorite  and  may  be  an  altered  form  of  the  Picnic  Isl- 
and rock.  The  hornblende  is  of  the  general  type  represented  in  PI.  XII, 
fig.  2  of  No.  11186,  from  the  Horse  Race  above  Upper  Quinnesec  Falls 
(see  p.  107).  It  is  more  or  less  fibrous,  of  a  pale  green  color  and  often 
looks  as  though  it  had  originated  from  the  bleaching  and  disintegration 
of  a  compact  original  hornblende.  Around  the  edge  of  large  areas  it 
has  a  darker  green  border  and  seems  to  ravel  out  into  fine  fibers  which 


■^ 
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wander  into  the  feldspar.  Indeed,  the  feldspar  is  qnite  filled  with  such 
hombleode  needles,  which,  together  with  its  sanssaritic  alteration  prod- 
iietS;  almost  oonoeal  the  original  snbstance.  Ilmenite  in  ragged  areas, 
hot  without  leucoxene,  and  a  little  of  the  chlorite-epidote  aggregate  (see 
Fl.  XI,  fig.  1)  are  also  present 

Nos.  11712  and  11720,  both  from  the  Brook  section,  are  rocks  of  the 
same  general  character  as  that  last  described.  The  former  is  decidedly 
schistose  and  bears  mach  internal  evidence  of  the  action  of  great  press- 
ure. All  of  the  constituents  are  arranged  in  interlacing  and  elongated 
bands.  The  feldspar  is  much  crashed  and  shows  the  peculiar  mosaic 
due  to  secondary  crystallization.  It  is  also  often  changed  to  a  granular 
aggregate  of  brightly  polarizing,  pale  green  epidote  grains.  The  horn- 
blende crystals  are  broken  and  bent,  and  especially  around  their  outer 
edge,  are  very  frequently  reduced  to  a  confused  mass  of  fine  needles 
which  have  extensively  wandered  out  into  the  feldspar  substance.  The 
ilmenite  also  is  much  crushed  and  elongated  in  the  direction  of  the  schist- 
ofiity,  but  it  shows  no  indication  of  being  changed  to  leucoxene. 

The  second  specimen,  No.  11720,  is  somewhat  schistose,  though  less 
80  than  the  last.  It  is  extremely  dark  in  color  owing  to  the  large  pro- 
portion of  iron  which  enters  into  its  composition.  Under  the  microscope 
His  a  confused  aggregate  of  very  dark  green  and  strongly  pleochroic 
hornblende  needles,  a  little  feldspar,  proportionately  much  ilmenite  and 
Quartz.  Some  of  the  larger  hornblende  crystals  show  the  peculiar  granu- 
lated center,  lately  described  and  figured  by  me  from  the  gabbro-diorites 
occnrring  near  Baltimore,^  to  which  indeed  this  specimen  presents  many 
points  of  close  resemblance. 

The  two  remaining  specimens  are  much  more  altered  than  those  just 
described. 

No.  11661, found  beside  the  granite  boss  (the  so-called  <^gold  mine") 
JQBt  west  of  Pine  street,  Marquette,  is  coarsely  granular.  The  feldspar 
u  altered  to  saussurite  or  calcite.  The  hornblende  is  pale  green  and 
partly  fibrous.  The  center  of  the  crystals  is  frequently  composed  of  a 
<lark,  yellowish  green  substance  which  hardly  polarizes  at  all.  This,  at 
first  glance,  appears  to  be  a  core  of  compact  brown  hornblende  but  a 
closer  examination  shows  that  this  is  not  its  nature.  A  little  sphene 
and  considerable  blood  red  iron  hydroxide  make  up  the  remainder  of 
this  rock. 

The  last  specimen  of  these  epidioritic  rocks,  ^o.  11711,. was  part  of 
a  well  marked  dike  of  schistose  greenstone  which  intersects  a  boss  of 
SQeiss  near  the  northern  end  of  the  Brook  section.  This  gneiss  strikea 
£.  and  W.,  while  the  dike  strikes  N.  75^  E.  The  schistosity  of  the 
Jatter  is  parallel  to  its  walls,  so  that  the  foliations  of  the  two  rocka 
intersect  at  an  angle.  This  rock  shows  the  effects  of  pressure  and 
<^8hing.  It  is  now  a  finely  granular  aggregate  of  pale  green  fibrous 
bornblende,  feldspar,  qni»rtz,  calcite,  and  leucoxene. 

>  BuU.  U.  S.  Geol.  Survey,  No.  28,  p.  28,  PI.  HI,  fljr.  1. 

Bull.  62 10 


»►/ 


^^ 


146  GREENSTONE   SCHIST   AREAS   OF  MICHIGAN.  [bull.  62. 

Diorite. — ^The  occurrence  of  typical  original  diorite  in  the  Marquette 
area  still  seems  a  little  doubtful.  No.  1 1654,  wbich  composes  tbe  Picnic 
Islands,  a  sbort  distance  north  of  Lighthouse  Point,  comes  nearest  to 
deserving  this  name,  although  this  rock  might  with  as  much  propriety 
be  termed  an  amphibole  granite.  Julien  called  it  a  <^  quartzose  porphy- 
ritic  diorite,''  *  and  he  was  followed  by  Wadsworth.*  The  microscope 
shows  this  rock  to  be  a  coarsely  granular  aggregate  of  green  horn- 
blende, saussuritized  plagioclase,  together  with  a  less  altered,  unstriated 
feldspar,  quartz,  and  sphene.  The  hornblende  is  mostly  quite  com- 
pact, and  shows  in  cross-section  sharp  crystalline  outlines,  which  are 
often  twinned.  The  plagioclase  contains  large  zoisite  individuals  aside 
from  its  more  usual  saussurite  aggregate.  The  unstriated  feldspar 
seems  to  alter  to  muscovite  or  kaolin,  as  is  common  in  orthoclase. 
Seams  in  this  rock  are  filled  with  epidote,  calcite,  or  moi'e  rarely  specu- 
lar iron. 

The  Picnic  Island  rock  seems  to  be  most  closely  related  to  the  amphi- 
bole-granites,  gneisses,  diorites,  and  massive  hornblendite  which  occur 
in  the  granite  farther  north — notably  on  Partridge  or  Middle  Island, 
beyond  Presqu'  Isle.  At  this  latter  locality  there  is  every  evidence, 
from  the  intimate  association  of  the  granite  and  these  hornblendic 
rocks,  that  they  were  both  liquid,  or  at  least  plastic,  at  the  same  time. 
Such  a  perfect  intermingling  of  the  two  magmas  it  seems  impossible 
to  explain  on  any  other  hypothesis ;  nor,  indeed,  are  indications  of  the 
same  intermingling  wanting  on  some  of  the  Picnic  Islands. 

ACID  INTAUSIVE8. 

General  character. — ^The  association  of  acid  rocks  of  various  types 
with  the  greenstones  of  the  northern  portion  of  the  Marquette  area  is 
not  less  intimate  than  that  already  described  as  occurring  at  Upper 
Quinnesec  Falls,  on  the  Menominee  Eiver.  (Chap.  Ill,  p.  110.)  The 
general  character  of  these  rocks  is  very  similar  at  both  localities,  and 
at  both  they  offer  equally  valuable  material  for  the  study  of  dynamic 
metamorphism. 

The  passage  from  the  Marquette  greenstones  to  the  granite  lying 
north  of  them  is  an  extremely  gradual  one.  There  is  no  such  sharp 
line  of  contact  as  is  represented  on  Bomingei^'s  map,  but,  on  the  con- 
trary, as  Bominger  himself  explains,  there  is  a  complete  interpenetration 
of  the  two  rock  masses.  The  granite  has  intruded  itself  into  the  schis- 
tose greenstones,  for  the  most  part  following  their  bedding  and  forcing 
apart  their  strata.  The  amount  of  the  acid  rock  gradually  diminishes 
as  we  go  southward.  At  the  Dead  River  it  still  composes  over  half 
of  the  entire  mass,  but  between  this  and  the  city  of  Marquette  the 
dikes  and  bosses  of  granite  grow  less  and  less  frequent.    They  are, 

•G«ol  Miob..  vol.  2,  p.  163. 

*  Notes  OD  the  IroD  and  Copper  Rocks  of  Lake  Saperior.    Ball.  Mas.  Comp.  Zool.,  HarrArdColL 
Whole  Series,  vol.  7,  Geol.  Series,  vol.  1,  p.  30.  ^ 
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howe?er,  never  entirely  absent  from  the  northern  part  of  the  green- 
stone area,  bat  extend  to  the  limits  of  the  Enreka  series.  Aronnd 
Lighthouse  Point  and  near  the  Marquette  water- works,  on  the  north 
side  of  the  harbor,  bands  of  reddish  and  gray  acid  rocks  may  be  seen 
along  the  lake  shore  in  abundance.  Some  of  these  are  but  little  altered 
granites  and  porphyries,  while  others  are  decidedly  schistose  and  seem 
to  owe  their  structure  to  dynamic  agencies. 

Granite. — We  will  first  examine  specimens  of  the  unaltered  granitic 
type.  These  can  be  nowhere  better  seen  than  in  the  neighborhood  of 
the  powder  mill  on  Dead  Biver,  near  the  center  of  Section  10.  Near 
this  place  were  obtained  Nos.  11612  and  11613,  both  normal  granites 
which  penetrate  the  schistose  greenstones.  They  are  of  a  reddish 
color  and  consist  principally  of  feldspar  and  quartz,  both  of  which  are 
allotriomorphic  and  form  a  granular  aggregate  of  interlocking  grains. 
The  quartz  areas  are  often  composite,  and  are  traversed  by  lines  of 
flaid-cavities,  containing  movable  bubbles.  The  feldspar  is  both  mon- 
oclinic  and  tricliuic.  It  is  considerably  altered  to  muscovite  or  kaolin. 
A  little  chlorite  represents  the  original  presence,  in  small  quantity,  of 
a  third  constituent,  but  its  condition  is  now  too  much  altered  to  allow  of 
its  exact  determination.  The  second  of  the  two  specimens  (No.  11613) 
is  the  coarser  grained  and  contains  both  microcline  and  pyrite,  which 
are  lacking  in  the  former. 

Na  11668,  also  from  near  the  powder  mill,  occurs  where  the  granite 
and  schistose  greenstones  are  very  intimately  associated  and  it  seems 
to  be  intermediate  between  them.  Under  the  microscope  it  appears  as 
a  reddish  granite,  like  those  last  described.  Apatite  crystals  and  mi- 
i^nte,  sharply  defined  zircons  are  abundant.  The  greenish  color,  which 
imparts  to  this  rock  an  appearance  intermediate  between  a  granite  and 
a  greenstone,  is  due  to  the  large  amount  of  chlorite  present.  This 
sometimes  traverses  the  feldspar  in  irregular  veins  and  is  sometimes 
massed  together  in  larger  areas,  as  though  it  had  resulted  from  the  al- 
teration of  some  bisilicate,  or,  as  is  still  more  probable,  of  a  micaceous 
'  constitnent. 

Toward  the  southern  end  and  on  the  west  side  of  the  Brook  section, 
the  banded  greenstones  and  granite  are  exposed  in  relations  not  less 
uiteresting  than  those  to  be  seen  at  Dead  Biver.  A  large,  glaciated  sur- 
face of  the  schists  shows  intrusions  of  both  granite  and  diabase  which 
CQt  directly  across  the  strike.  The  former  rock  contains  angular  frag- 
ments of  the  schist  and  in  one  case  it  fills  the  inequality  formed  by  the 
&Qlting  of  the  schist  along  a  joint  plane  nearly  perpendicular  to  its 
^ding.  It  also  forms  narrow  veins  and  rows  of  bulging  lenses  in  the 
^hist  This  granite  shows  no  signs  of  foliation  in  the  field,  but  a  closer 
stody  of  it  in  the  laboratory  discloses  the  effects  of  powerful  dynamic 
action.  The  hand-specimen.  No.  11678,  proves  upon  microscopical  ex- 
amiQatiou  to  be  an  excellent  example  of  peripheral  granulation,  pro- 
dncing  what  Tornebohm  has  called  the  ^^  mortar-structure,"   The  grains 
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have  nibbed  against  one  another  and  formed  a  fine  mosaic — ^mosUy  a 
new  erystallization — which  resembles  a  cement.  The  qaartz  has  suf- 
fered so  much  by  this  process  that  hardly  a  trace  of  the  original  granitic 
qoartK  remains.  The  feldspar  presents  rounded  grains,  often  bent  or 
flssared.  In  the  cracks  thus  formed  the  same  mosaic-like  cement  is 
developed.  Chlorite,  epidote,  muscovite,  and  iron  hydroxide  are  present 
in  this  fine  grained  mass  between  the  rounded  feldspars. 

No.  11710  was  obtained  from  the  rounded  knob  of  gneissoid  granite, 
near  the  northern  end  of  the  Brook  section,  through  which  the  dike  of 
foliated  trap  described  on  p.  145  (No.  11711)  passes.  In  this  rock  the 
g^eissic  structure  is  quite  prominent  through  a  parallel  arrangement  of 
the  constituent  minerals,  but  under  the  microscope  it  quite  closely  re- 
sembles the  last  specimen.  The  same  peripheral  granulation  of  the 
original  grains  by  rubbing  is  even  more  apparent;  and,  although  there 
is  no  marked  tendency  to  parallel  arrangement  visible  in  the  thin  sec- 
tion, the  effects  of  pressure  are  everywhere  shown,  as  in  the  undulatory 
extinction  of  the  quartz,  in  the  production  of  secondary  strain-lamells 
in  the  feldspar,  and  in  the  presence  of  microcline. 

No.  11614  was  obtained  from  a  gray  granitic  knob  on  the  lake  shore 
at  the  mouth  of  Dead  fiiver.  This  is  penetrated  by  several  sharply 
defined  dikes  of  fine  grained  diabase,  and,  like  the  rock  last  described, 
is  decidedly  gneissoid  in  structure.  The  rock  is  composed  mainly  o^ 
quartz  and  orthoclastic  feldspar,  although  both  plagioclase  and  a  green 
fibrous  hornblende  are  also  present.  The  gneissic  or  ^<  flaser  "  structure 
is  its  most  striking  feature.  This  is  plainly  visible  in  the  thin  section 
and  seems  to  be  mainly  due  to  the  elongation  of  the  quartz  areas  in 
the  direction  of  the  foliation.  This  mineral  has  suffered  greater  defer- 
mation  than  the  feldspar  and  is  present  in  long,  lenticular  patohesy 
whose  axes  are  often  sinuous.  These  are  for  the  most  part  composite 
and  always  show  an  undulatory  extinction.  There  is,  strangely  enough, 
no  peripheral  granulation  visible  in  this  rock. 

No.  11660  is  from  §k  granite  boss  on  the  west  side  of  Pine  street,  north 
of  Ohio  street,  Marquette.  A  fine  section  has  recently  been  laid  open 
through  the  center  of  this  mass  by  some  eager  gold  seeker.  The  rock 
is  a  fresh,  even  grained  aggregate  of  orthoclase  and  quartz.  Any  origi- 
nal micaceous  constituent  seems  to  be  lacking,  although  good-sized 
plates  of  muscovite  have  been  secondarily  developed  at  the  expense  of 
the  orthoclase.  This  feldspar  possesses  a  beautiful  zonal  structure, 
which  is  brought  out  in  unusual  distinctness  by  the  different  degrees  to 
which  the  alteration  has  progressed  in  different  zones.  The  eruption  of 
this  rock  must  have  taken  place  subsequently  to  the  dynamic  move- 
ments which  metamorphosed  so  many  of  the  Marquette  intrusives.  It 
shows  no  evidence  of  pressure  in  its  microscopic  structure,  although 
No.  11658,  collected  but  a  few  feet. north  of  it,  from  a  narrow  band  of 
acid  rock,  shows  such  evidence  in  a  very  marked  degree. 

Quartz  porphyries.'-'So  rocks  are  better  suited  to  exhibit  the  effects 
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of  dynamic  metamorphism  than  the  quartz  porphyries.  Some  of  the 
more  important  results  which  this  class  o^  rocks  has  yielded  to  Euro- 
pean students  have  already  been  stated  in  Chapter  I.  Near  Marquette 
tibe  narrower  of  the  dikes  and  intrusions  of  graDitic  matter  have,  in 
consequence  of  their  rapid  cooling,  assumed  this  form.  Almost  every 
variety  of  structure  between  a  typical  granite  and  quartz  porphyry 
may  be  found  by  comparing  specimens  from  the  different  exposures. 
Furthermore,  the  various  dikes  seem  to  have  been  subjected  to  differ- 
ent degrees  of  mechanical  action,  so  that  the  saccessive  phases  of  meta- 
morphism  may  be  traced  by  a  comparative  study  of  them. 

In  No.  11629  we  have  a  granitoid  porphyry  which  has  suffered  much 
from  chemical,  but  very  little  from  mechanical  alteration.  This  was 
collected  from  a  branching  dike  of  a  massive,  reddish  rock,  exposed  on 
the  lake  shore  near  the  water- works  in  Marquette.  It  approaches  a 
granite  in  being  largely  composed  of  porphyritic  feldspar  crystals  with 
bat  comparatively  little  interstitial  groundmass.  What  there  is  of  this 
groundmass  consists  of  a  fine  granular  mosaic  of  quartz  and  feldspar 
grains  with  ..some  sericite.  The  larger  feldspar  crystals  are  colored  red 
by  an  abundance  of  fine  globulitic  dust.  They  also  show  an  advanced 
stage  of  chemical  alteration  in  the  development  in  them  of  a  micaceous 
mineral  (sericite).  The  only  traces  of  the  original  biotite  consist  of 
chlorite  areas  dotted  over  with  iron  hydroxide.  At  first  glance  this  rock 
seems  to  resemble  No.  11678  (above  described  as  a  fine  example  of 
Tomebohm's  mortar  structure),  but  a  closer  examination  shows  that  the 
structures,  apparently  so  much  alike,  must  have  been  produced  by  very 
different  means.  There  is  in  the  present  instance  no  evidence  of  press- 
ure, the  feldspar  crystals  have  their  original  outlines  intact,  and  the  in- 
terstitial mosaic,  instead  of  being  due  to  a  grinding  action  between  the 
grains,  is  here  evidently  a  product  of  the  original  crystallization. 

The  next  specimen,  No.  11620,  is  a  typical  quartz  porphyry  which  also 
has  been  but  little  modified  by  the  effects  of  pressure.  It  is  from  a 
small  dike  at  the  eastern  extremity  of  Lighthouse  Point  and  is  a  much 
fresher  rock  than  the  last.  The  porphyritic  crystals  are  both  Smaller 
and  less  frequent.  They  consist  of  orthoclase,  plagioclase,  and  quartz, 
imbedded  in  an  abundant  raicrogranitic  groundmass.  The  orthoclase 
often  shows  a  twinning  structure  in  accordance  with  the  Carlsbad  law 
and  is  extensively  altered  to  muscovite,  large  plates  of  which  occur 
around  its  crystals.  The  quartz  does  not  here  possess  its  characteristic 
dihexahedral  form,  but  occupies  oval  or  irregularly  shaped  areas  which 
are  frequently  composite. 

These  two  specimens  will  serve  as  representatives  of  those  acid  dike- 
rocks  which  have  been  least  modified  by  pressure.  They  will  serve  as* 
a  starting  point  for  tracing  the  successive  stages  of  this  action  in  the 
following  specimens.  The  changes  observed  are :  The  deformation  and 
elongation  of  the  quartz  crystals ;  the  fracturing  and  separation  of  the 
fragments  of  feldspars ;  the  parallel  arrangement  of  the  new  crystalliza- 
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tionproductSy  giving  rise  to  a  gneissic  or  ^^flaser"  structure;  and  the 
development  of  a  cleavage.  The  intensity  of  these  changes  is  of  coarse 
proportionate  to  the  amount  of  force  exerted. 

Ko.  11633,  obtained  from  the  quarry  on  Lighthouse  Point  (A  of  map, 
PL  VII),  is  a  quartz  porphyry  which  differs  only  slightly  from  No.  11620, 
last  described.  Its  groundmass  is  somewhat  finer  grained  and  sericitic. 
The  porphy ritic  crystals  of  feldspar  are  nearly  the  same,  but  the  quartzes 
are  deformed  and  lentiouh&r,  sometimes  with  only  an  undulatory  extinc- 
tion, sometimes  broken  into  several  areas  which  are  more  or  less  dis- 
placed from  their  original  position.  Although  the  thin  section  shows 
no  indications  of  schistose  structure,  this  in  the  field  is  quite  pronounced. 
The  rock  occurs  in  the  green  schist,  in  small  bands,  which  wedge  out 
very  soon.  It  has  a  decided  tendency  to  break  along  planes  parallel  to 
the  schist-bedding,  and  upon  these  planes  of  parting  sericite  is  abun- 
dantly developed. 

No.  11653,  from  the  northern  edge  of  Lighthouse  Point,  just  below  the 
Lighthouse,  is  very  similar  to  the  last,  except  that  here  a  schistose 
structure  is  microscopically,  as  well  as  macroscopically,  visible.  The 
groundmass  and  porphyritic  crystals  are  quite  identical  with  those 
above  described.  In  the  former  there  is  a  brown  mica  abundantly  de- 
veloped in  aggregations  of  little  plates,  which  form  sinuous  lines  around 
the  porphyritic  crystals  in  a  direction  parallel  to  the  strike  of  the  sur- 
rounding greenstone  schists.  This  fact  is  mentioned  by  Dr.  Wadswortb, 
who  was  the  first  to  discover  these  rocks.^ 

Nos.  11707  and  11717,  were  collected  from  two  dikes  of  porphyry  inter- 
laminated  with  the  green  schists  of  the  Brook  section.  In  the  hand  speci- 
mens they  exhibit  no  marked  foliation,  but  under  the  microscope  their 
evidences  of  mechanical  alteration  are  most  interesting  and  instructive. 
The  groundmass  is  of  the  same  character  as  that  already  described. 
In  it,  however,  are  sinuous  bands  of  green  mica  which  bend  and  wind 
about  the  porphyritic  crystals  so  as  to  produce  a  decided  ^'  micro-flaser'' 
structure.  This  feature  is  more  pronounced  in  the  second  specimen, 
although  the  two  are  essentially  the  same.  The  microscopic  appear- 
ance of  11707  is  represented  in  PI.  XV,  fig.  2.  The  porphyritic  feld- 
spars have  suffered  little  or  no  change,  unless  it  be  by  the  production 
of  microcliue  which  is  quite  abundant  in  the  centerof  someof  the  crys- 
tals of  No.  11707.  The  quartz  has  suffered  much  more  deformation — 
a  fact  which  the  observations  of  J.  Lehmann^  and  Ch.  E.  Weiss  ^ 
would  indicate  to  be  the  rule  in  rocks  of  this  character.  In  the  present 
case  the  quartz  is  drawn  out  into  long,  spindle  shaped  lenses  which  are 
often  pinched  at  their  ends  into  fine  lines  that  bend  around  the  other 
porphyritic  crystals  (see  PI.  XV,  fig.  2).    This  deformation,  however, 


*  Notes  on  the  Iron  and  Copper  Rooka  of  Lake  Superior.  Bull.  Mua.  Comp.  Zool.,  Harvard  Coll. 
Whole  Series,  vol.  8.  Geol.  Series,  vol.  1.  p.  38. 

'Unt^^rsnchungen  iiber  die  Entstehnng  der  altkryatallinischen  Schiefergesteine.   Bonn,  1884. 

'Zeitsohr.  Deutsch.  geol.  Gosell.,  vol.  29, 1877,  p.  418,  and  Jahrbuch  preusa.  geoL  Landeaanatalt  fur 
1888,  p.  213.  C£  Bosenbnach:  Mikros.  Physiog.,  2d  ed.,  vol  2. 1887,  p.  412. 
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does  not  take  place  without  the  loss  of  contiDuity  in  the  quartz  sub- 
stance.  On  the  contrary  a  mosaic  like  aggreg^ate  of  interlockiDg  grains 
is  formed  whose  optical  orientation  differs  more  and  more  in  proportion 
as  the  original  quartz  crystal  is  elongated.  In  cases  where  the  deforma. 
tion  is  slight,  only  a  disturbed  extinction  results,  as  may  be  seen  in  No. 
11753.  The  presence  of  interlocking  grains  of  different  orientation,  as 
in  this  instance,  would  indicate  solution  and  subsequent  deposition. 

Ko.  11658,  from  a  narrow  acid  band  immediately  north  of  the  granite 
boss  near  Pine  street,  Marquette,  is  a  rock  of  precisely  the  same  type  as 
those  just  described  but  which  shows  a  secondary  schistose  structure 
more  perfectly  developed  than  any  of  the  preceding.  The  brownish  or 
greenish  mica  is  here  arranged  in  nearly  parallel  bands  which  bend 
only  slightly  around  what  were  once  porphyritic  feldspar  crystals. 
These  latter  have  undergone  an  almost  complete  change  to  muscovite 
and  quartz  aggregates,  some  of  which  are  now  drawn  out  into  long  len- 
ticular areas.  These  patches  are  hardly  to  be  distinguished  from  the 
groundmass,  except  by  their  coarser  grain,  and  yet  they  can  be  traced 
with  certainty  back  to  the  original  orthoclase.  Sharp  crystals  of  pyrite 
and  some  epidote  are  also  developed  in  this  rock. 

Tuff%  of  the  acid  rocks. — Closely  allied  to  these  schistose  porphyries 
which  occur  in  dikes  are  certain  banded  acid  rocks  whose  most  impor- 
tant exposures  are  along  the  southern  edge  of  the  northern  Marquette 
greenstone  area,  near  the  junction  of  this  with  the  fissile  argillaceous 
shales  of  the  ''  Eureka  series."  These  are  hard,  compact,  fine  grained, 
bat  decidedly  schistose  beds,  locally  known  as  novaculite.  Indeed, 
these  rocks  have  been  worked  to  a  limited  extent  as  whetstone,  whence 
the  name  of  the  small  creek  flowing  through  the  southern  part  of  Mar- 
quette. 

The  color  of  these  so-called  novacnlites  is  sometimes  reddish,  some- 
times pale  greenish  or  yellowish.  They  are  very  frequently  striped  with 
different  shades.  Under  the  microscope  they  closely  resemble  the 
groundmass  of  the  quartz  porphyries  described  in  the  last  section.  No 
porphyritic  crystals,  however,  are  ever  observed,  and  the  structure  is 
too  fine  grained  to  appear  schistose  in  a  thin  section. 

Three  essentially  identical  sections  of  these  rocks  were  studied  from 
specimens  collected  at  tlireeof  the  most  typical  exposures. 

No.  11627  is  from  near  Burgess's  saw-mill,  at  the  east  end  of  Lake 
street,  Marquette.  It  has  a  reddish  color  produced  by  an  abundance  of 
iron  hydroxide  scales.  The  grain  is  for  the  most  part  quite  regular, 
although  larger  and  angular  quartz  fragments  are  occasionally  seen. 

No.  11684  was  taken  from  the  glaciated  exposure  of  the  novacnlites, 
occurring  at  the  west  end  of  Ridge  street,  Marquette.  A  fresh  frac^ture 
in  this  rock  shows  a  light  gray  color.  It  is  parted  by  intersecting  joint 
systems  into  sharp  rbomboidal  prisms  which  strike  slightly  south  of 
west.  Under  the  microscope  this  rock  appears  as  a  fine,  even  mixture 
of  quartz  grains  and  sericite  flakes. 
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No.  11676  was  collected  at  the  soath  end  of  the  '^  Brook  sectfou," 
near  Steinbrecher's  hoase.  (B  of  map,  Plate  YII.)  It  is  quite  similar 
to  the  others,  but  it  is  much  seamed  with  infiltrated  qaartz,  small  veins 
of  which  appear  in  the  microscopic  section. 

The  regular  banding  of  these  anomalous  acid  rocks,  as  well  as  their 
interstratification  with  and  gradual  passage  into  the  similarly  banded 
greenstone  schists,  will  not  admit  of  the  supposition  that  they  wereever 
eruptive  masses,  however  much  we  may  imagine  these  to  have  been 
metamorphosed.  On  the  other  hand,  their  similarity,  in  both  composi- 
tion and  structure^  to  the  groundmass  of  the  quartz  porphyries,  is  too 
striking  to  be  overlooked. 

Apparently  only  two  hypotheses  are  altogether  reconcilable  with  the 
observed  facts :  First,  that  the  rocks  are  true  sediments,  like  those  of 
the  Eureka  series,  along  whose  northern  edge  they  lie,  which  may  have 
been  largely  derived  from  disintegrated  qaartz  porphyry  material ;  or 
second,  that  they  are  consolidated  acid  tu£fs  which  accompanied  the 
eruptions  of  the  porphyries,  in  the  same  manner  that  some  of  the 
greenstone  schists  represent  the  fragmental  diabase  material. 

Another  possible  supposition  is  that  these  compact,  hornstone-like  ■ 
rocks  resulted  from  the  contact-metamorphism  of  preexistent  sediments 
by  the  diabase  eruptions.  Such  an  effect  has  been  extensively  pro- 
duced by  the  Hartz  Mountain  diabase,  as  has  been  shown  by  the  work 
of  Lessen  and  others.  The  resultant  rock  is  known  as  adinole,  but 
it  differs  essentially  from  the  Marquette  novtusnlite  in  a  constant  and 
high  percentage  of  soda,  due  to  the  presence  of  albite.  This,  as  may 
be  seen  from  the  following  analysis,  is  absent  from  the  Marquette  rock. 
We  further  have  no  evidence  of  the  existence  of  sediments  when  the 
greenstones  were  produced,  as  all  the  Huronian  beds  are  younger. 

Of  the  two  first  mentioned  hypotheses,  the  second  is  the  more  proba- 
ble, first,  because  of  the  very  constant  character  of  these  banded  acid 
rocks,  and  second,  because  of  their  almost  exact  identity  in  chemical 
composition  with  the  massive  acid  eruptives.  The  following  chemical 
analysis  of  specimen  No.  11684,  from  the  w^st  end  of  Bidge  street,  Mar- 
quette, was  made  by  Mr.  W,  F.  Hillebrand : 


Potash  (K9O) 3.65 

SodaCNaaO) 0.56 

Lithia  (LijO) tiraoe. 

Water  (HaO) «.35 

Phosphorous  pentozide  (PaOs). . .  Trace. 

Total 100.13 


Silica  (SiOa) 76.99 

Alumina  (AI9O3) 13.92 

Ferric  oxide  (FeaOs) 0.46 

Ferrous  oxide  (Fe  O) 0.77 

Manganous  oxide  (MnO) Trace. 

Lime  (CaO) 0.32 

Magnesia  (MgO) 1.12 

It  will  be  seen  that  this  is  the  composition  of  an  aggregate  of  quartz 
and  sericite,  as  the  microscope  shows  our  novaculite  to  be.  The  serioite 
is  in  all  probability  the  result  of  the  alteration  of  original  orthoclase. 

The  occurrence  of  similar  tuff  deposits  in  connection  with  eruptive 
quartz  porphyries  is  well  known  in  Europe,  especially  in  the  Oerman 
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dyas.  They  have  been  oarefiilly  stadied  and  described  in  Saxony,'  the 
Yosges  Mountains,*  the  Black  Forest,^  and  Odenwald/  The  writer  can 
speak  firom  a  very  considerable  personal  acquaintance  with  the  Black 
Forest  and  Odenwald  tufb,  of  their  very  close  resemblance  to  the  Mar- 
quette novaonlites. 

Bat  perhaps  the  closest  analogues  of  the  Marquette  tnSa  are  to  be 

found  among  those  described  by  Dr.  Archibald Geikie,  from  SL  David's, 

in  Wales,*  a  region  which,  as  we  shall  see  in  the  sequel,  presents  many 

pmnts  of  resemblance  to  the  Marquette  district.    The  analysis  of  one  of 

tiiem,  hereafter  quoted  (V ),  agrees  very  closely  with  that  of  our  novac- 

nlite.    Dr.  Geikie  finds  that  these  acid  tuffo  accompanied  superficial 

eruptions  of  quartz  porphyries,  which  were  intimately  associated  with 

more  abundant  and  contemporaneous  extrusions  of  diabase  and  diabase 

tufEs.    The  acid  tufib  have  been  derived  from  true  fine  grained  felsites. 

Some  of  them  are  conglomeratic  (agglomerates);  some  of  them  fine  ashy 

material,  which  has  become  consolidated  into  a  sericitic  schist.    There 

are  various  intermediate  varieties  between  the  acid  and  basic  types, 

due  to  the  mingliog  in  different  proportions  of  the  two  kinds  of  debris. 

Mr.  J.  S.  Diller*  has  also  shown  that  the  felsitic  rock  from  Breakheart 

HUl,  near  Saugus,  Massachusetts,  is  a  silicified  quariz  porphyry  tuff; 

and  firom  the  sharply  angular  shape  of  the  qusurtz  fragments,  of  which 

it  is  now  composed,  he  concludes  that  these  are  pseudomorphs  after 

fragments  of  an  acid  glass  originally  deposited  as  a  volcanic  ash. 

The  following  analyses  o#well  characterized  add  tuffs  from  European 
localities  are  here  quoted  on  account  of  their  similarity  to  the  Mar- 
quette novaculite : 


SffiMfSlOt) 

Almnin*  (AlsO^ .... 

Fftrric  oxide  (FeiOt) 
Ferrona  oxide  (FeO) 

Lime(CaO) 

Mii«nedA(HgO).... 

PotMh(K,0) 

Soda(Ka,0) 

Water  (HfO) 

Total 


} 


7&I7 
IS.  94 

8.18 


4.89 
1.07 

1.58 


100.53 


n. 


79.78 
U.84 

0.09 


0.27 
3.81 
0.17 
2.12 


98.43 


in. 


{ 


82.47 
9l66 

0.48 
0.57 
0.53 
trace . .. 
4.00 
0.58 
1.18 


100.00 


rv. 
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84.12 
9.88 

1.78 

0.08 
0.01 
0.85 
0.25 
3.68 


100.15 


V. 


80.50 

11.29 
0.28 

*1.41 
0.52 
0.95 
2.98 
0.72 

tl.96 


100.70 


*lCaiiganoiiii  oxide  trsee. 


t  Loss  on  ignition  and  water. 


C'F.Kanmann:  Oeognoeie,  2d  ed.,  vol.  1,  p.  671,1858.    Also  SriSutemnicen  snr  geol.  Specialkarte 
^  kon.  Saohaena.  Sect.  Ftohburg  (59),  Coldits  (44),  D5beln  (46),  Leienlg-Laaeigk  (43).  and  Rocblits 

'^'  Gerhard :  Geogniatisch-petrographisohe  M ittheilungen  aus  dem  Oebvreiler-Thal,  1880.  (Cf.  Nenea 
J»hrbach  for  Mineral..  1881.  vol.  1,  Referate  p.  874). 

'^'  B.  WiUiams :  Nenea  Jahrbuch  Tdr  M ineral..  Beilage-Band  2,  pp.  686-634. 

*^n«eke  and  Coben :  Oeogn.  Beacbr.  d.  Umgegend  Ton  Heidelberg,  1881.  pp.  221-285. 

'  Oq  the  tappeaed  pr»<2ambrlan  rocka  of  St  David'a.  Qaart  Jonr.  OeoL  Soo.  London,  toL  39,  pp. 
»^,1888. 

*^e  felsltea  and  tbeir  oaaociated  rocka  north  of  Boston.  Proo.  Boat  Soc.  Kat.  Hiat,  rol.  20,  pp. 
KSsStt.  Sou.  ]£q^  Comp.  ZooL,  Harrard  CoIL  Whole  Seiiea,  toL  7,  pp.  165-180;  alao  Science,  1884. 
ToL8.p.653. 
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I.  Thonstein  (tnff )  &om  Zeiftigwald,  near  Chemnitz,  Saxony.* 

II.  Same." 

III.  Silicified  toff,  Oelberg,  near  Schriesheim,  Odenwald.' 

IV.  Silicified  tuff,  Keaeelberg,  near  Triberg,  Black  Forest.* 

V.  Felaitio  tuff  breccia,  Clegyr  Hill,  St.  David's,  Wales.* 

Ifi  then,  these  banded  acid  rocks  occarring  near  Marquette,  as  seems 
most  probable,  really  do  represent  solidified  tuff  material  of  the  quartz 
porphyries,  we  might  expect  to  find  transitional  forms,  grading  into  the 
banded  green  schists.  These  do  appear  to  exist,  and  indicate  that 
some,  at  least,  of  the  eruptions  of  both  acid  and  basic  rocks  were  nearly 
contemporaneous. 

BANDED    QREENSTOXB  SCHISTS. 

The  banded  greenstone  schists  which  form  the  prevailing  rock  over  the 
northern  portion  of  the  Marquette  area  have  been  regarded  by  all  geolo- 
gists who  have  ever  studied  them  as  originally  sedimentary  deposits, 
and  a  repeated  examination  of  them  in  the  field  seems  incapable  of 
leading  to  any  other  conclusion.  They  are  everywhere  stratified  with 
the  greatest  regularity  in  bands  of  lighter  and  darker  shades  of  green. 
This. structure  is  to  be  most  advantageously  seen  in  the  woods  just 
north  of  Marquette  and  near  Lighthouse  Point.  Here  glaciated  areas 
of  considerable  extent  often  show  a  finely  ribboned  appearance,  looking 
as  though  the  sharp,  parallel  lines  had  been  drawn  with  a  ruler.  The 
alternation  in  the  color  and  composition  of  the  layers  is  so  frequent  and 
so  constant,  and  their  parallelism  to  the  east  and  west  strike  of  ail  the 
rocks  of  this  neighborhood  is  so  exact  that  ^  hypothesis  of  their  orig- 
inally massive  character  will  satisfiBtctorily  account  for  the  observed 
facts. 

On  the  other  hand,  the  chemical  and  the  microscopical  characters  of 
these  schists  agree  closely  with  those  of  associated  massive  greenstones 
which  are  known  to  have  been  derived  by  the  alteration  of  basic  erup- 
tive rocks.  Both  are  composed  of  fibrous  green  hornblende,  quartz, 
epidote,  zoisite,  and  chlorite.  There  must,  therefore,  have  been  a  close 
similarity  in  the  original  composition  of  these  two  classes  of  rocks,  in 
spite  of  the  wide  difference  in  their  structure. 

Prof.  M.  E.  Wadsworth,  who  has  ably  advocated  the  eruptive  origin 
of  many  of  the  rocks  occurring  near  Marquette,  regards  these  banded 
schists  as  undoubtedly  of  sedimentary  origin.    He  says :  ^ 

The  schist  from  the  same  specimen  (45)  is  composed  of  quartz,  argillaoeoas  mate- 
rial, chlorite,  hornblendo,  magnetite,  ^*  leuooxene,''  and  a  little  augite.  It  woald  seem 
that  this  had  been  formed  from  detrital  material  of  the  same  nature  as  the  dikes 
(basaltic).  The  close  resemblance  of  the  **  diorite  '^  and  schist  in  mineralogical  char- 
acters, but  not  in  structure,  is  shown  in  another  section  containing  the  Junction  of  the 
two  rocks  (48). 

>  NeuM  Jahrbaoh  far  Mineral.,  1064. 
>Ibid.,  1850. 

*Die  snr  Oyas  gehSrif^en  Gettelne  des  sildliohon  OdenwAldes,  von  £.  Cohen,  1871,  p.  S7. 
^Keaea  Jahrbach  far  Mineral.,  Bellage-Band  2,  p.  630. 
*  Quart.  Jonr.  GeoL  Soc.  London,  vol.  39,  1883,  p.  297. 

*Not6«  on  the  Iron  and  Copper  Distrtota  of  Lake  Saperior.    BolL  Mas.  Comp.  Zool. ,  Harvard  CoU., 
Whole  Series,  vol.  7,  G^l.  Series,  vol.  1,  p.  37. 
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SpeciiDes  of  these  banded  greenstone  schists  which  were  collected 
from  different  localities  within  the  northern  Marquette  area,  although 
they  are  macroscopically  nearly  identical,  present  a  great  variety  in 
their  microscopical  structure. 

Nos.  1I6I8  and  11619,  from  Lighthouse  Point,  Marquette,  are  com- 
paratively coarse  grained  rocks  composed  largely  of  a  green  fibrous 
hornblende.  The  structure  of  this  mineral,  especially  in  No.  11619,  is 
unusual.  What  at  first  glance  looks  like  a  confused  mass  of  irregular 
and  ragged  hornblende  areas,  when  more  carefully  examined,  is  found 
to  consist  of  more  or  less  radiating  bundles  of  hornblende  fibers,  resem- 
bling sheaves.  The  center  of  these  bundles  is  their  most  compact  por- 
tion. Here  the  hornblende  substance  is  often  continuous  and  homo- 
geneous, but  toward  the  two  ends  of  the  mass  it'  appears  to  be  firayed 
out  into  separate  fibers.  These  are  so  regularly  divergent  in  their  ar- 
rangement as  to  produce  a  black  brush  which  sweeps  across  them  as 
the  stage  of  the  microscope  is  revolved  between  crossed  Nicol  prisms. 
This  peculiar,  sheaf-like  grouping  of  the  hornblende  is  shown  in  PI.  XYI, 
Fig.  1.  It  is  very  similar  to  that  described  by  de  la  Vall^e-Poussln  and 
Renard  in  an  amphibolite  occurring  near  Laifour,  in  the  valley  of  the 
Meuse,^  and  by  Renard  in  the  metamorphosed  Devonian  slates  of  Bas- 
togne  in  the  Ardennes  Mountains.^  Though  it  can  still  be  traced  in 
specimen  No.  11618,  this  structure  is  by  no  means  as  distinct  as  in  the 
case  just  described . 

The  groundmass  in  which  this  hornblende  lies  is  a  finely  granular 
aggregate  of  albite,  or  quartz  and  albite  grains.    In  it  occur  some 
chlorite,  epidote,  or  zoisite  in  good  sized  individuals,  and,  at  least  in 
No.  11619,  some  small  ilmenite  particles,  surrounded  by  a  highly  refrac- 
tive leucoxene  border.    There  is  comparatively  little  groundmass  in 
either  of  these  specimens,  but  of  the  two  No.  11618  contains  the  more. 
Nos.  11730,  from  the  western  part  of  Marquette,  between  Michigan 
and  Ohio  streets,  and  11734,  from  the  corner  of  Front  and  Ohio  streets, 
are  both  banded  greenstones  of  the  same  type  as  the  specimens  last 
described.    The  former  contains  less  hornblende,  though  this  mineral, 
is,  nevertheless,  abundant  in  the  same  sheaf  like  bundles  as  before. 
The  groundmass  is  a  fine  grained  albite  mosaic,  which  contains  some 
quartz  and  some  epidote.    The  latter  specimen,  No.  11734,  is  largely 
composed  of  an  unusually  dark  green  and  pleochroic  hornblende,  in  con- 
fused ragged  and  fibrous  groups.  Along  certain  lines,  where  this  compo- 
QODt  is  less  abundant,  the  rock  assumes  a  lighter  shade.    The  albite  mo- 
^ic  is  present,  but  not  to  the  exclusion  of  areas  of  gray  saussurite, 
which  sometimes  show  indications  of  a  lath-like  form,  like  that  of  the 
diabase  feldspars.    Narrow  seams  filled  with  epidote,  or  an  aggregate 
of  albite  and  epidote,  traverse  this  rock  parallel  to  its  banding.  Ilmen- 
ite grains,  with  their  rims  of  leucoxene,  occur  in  each  of  these  specimens. 

'K6m.  ftuT  lea  char.  min.  et  strat.  des  roches  ditea  platoniennes,  etc.,  Bmssela,  1876,  p.  252,  PL  V, 
Fig.  25. 

'  Lea  roehea  gr^natifftrea  et  ampbiboliquea  de  la  region  de  Baatogne.  Ball.  Mas.  roy.  d'hiat.  nat.  de 
Belgiqae.  1882. 
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There  is  nothing  in  the  microscopical  atractare  of  these  slides  to  sag- 
gest  a  massive  eruptive  rock;  on  the  contrary,  the  two  instances  cited, 
where  a  similar  sheaf  like  hornblende  has  before  been  noticed,  are  cases 
of  supposed  metamorphosed  tnffs. 

No.  11630,  from  the  quarry  on  Lighthouse  Point  (A  of  map,  PI.  YII)  is 
also  largely  composed  of  hornblende  in  pale  green,  ragged-looking  indi- 
vidnals,  bnt  without  any  of  the  sheaf-like  structure.  Amid  the  horn- 
blende a  clear  transparent  feldspar,  evidently  albite,  has  been  abund- 
antly developed  in  good-sized  grains,  which  show  a  sharp  twinning  stri- 
ation.  The  gradation  of  this  well  characterized  albite  into  the  granu- 
lar mosaic  lends  additional  force  to  the  supposition  that  this  also  is  com- 
posed of  the  same  mineral,  as,  indeed.  Lessen  has  shown  to  be  the  case 
in  many  of  the  regionally  metamorphosed  diabases  of  the  eastern  Hartz.^ 

Kos.  11631  and  11637  are  other  specimens  of  the  banded  greenstone 
schists  from  the  same  quarry  as  the  last  on  Lighthouse  Point.  The  for- 
mer is,  perhaps,  the  most  typical,  although  an  abundance  of  calcite 
shows  that  it  is  much  weathered.  Its  alternating  light  and  dark  green 
bands  are  due  to  the  fact  that  hornblende  is  still  present  in  the  latter, 
while  its  place  is  supplied  in  the  lighter  colored  bands  by  a  pale  chlor- 
ite and  epidote.  An  opaque  iron  oxide,  often  surrounded  by  a  leu- 
coxene  rim,  is  found  in  small  particles  scattered  through  this  rock,  as 
is  also  a  little  biotite.  The  second  of  the  above  mentioned  specimens. 
No.  11637,  which  was  taken  ft*om  just  beside  the  great  dike,  shows  what 
the  last  described  rock  was  when  it  was  in  a  fresher  condition.  The  cal- 
cite is  here  absent,  and  the  rock  is,  for  the  most  part,  a  mass  of  ragged 
and  raveled  hornblende.  Among  this  is  scattered  some  clear,  trans- 
parent feldspar  (probably  albite)  and  zoisite,  or  epidote,  which  occurs  in 
irregular  crystalloids,  arranged  in  long,  parallel  lines.  The  iron  mineral 
and  biotite  are  present  as  before. 

No.  11623,  found  beside  the  great  dike  on  Lighthouse  Point,  is  only 
a  confused  aggregate  of  very  pale  and  very  fibrous  hornblende  needles 
with  calcite.  Lighter  bands  are  occasioned  in  this  rock  by  a  prepon- 
derance of  calcite  and  chlorite  over  the  hornblende. 

No.  11626  is  a  gray  schistose  rock  from  the  exposure  near  Burgess's 
saw-mill,  on  Lake  street,  Marquette.  It  is  full  of  calcite,  which  is  ar- 
ranged in  bands  along  with  a  very  finely  granular  mosaic.  Hardly  any 
hornblende  is  visible  in  this  specimen,  but  veins  of  epidote  and  some 
chlorite  occur  in  it. 

Along  the  deep  north  and  south  exposure  of  the  greenstone  schists 
which  has  been  described  as  the  Brook  section,  these  banded  greenstones 
are  also  very  admirably  displayed.  For  the  most  part  they  are  quite 
like  those  occurring  in  the  neighborhood  of  Marquette.  In  one  par- 
ticular, however,  some  of  them  present  an  unusual  feature  which  it  is 
not  altogether  easy  to  explain.    This  consists  in  the  presence  of  len- 

*  Zeitschr.  Deatscb.  geol.  GeselJ.,  vol.  24,  1872,  p.  730.   Jahrbach  preusa.  geol.  Landesanstalt  fir 
1888,  p.  640;  ibid.,  fftr  1884,  p.  528.    Erlaat.  zar  geol.  Specialkarte  von  Pr.,  Blatt  Wippra,  Berlin,  1888. 
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tioQlar  masses  of  a  white  feldspatliic  sabstancei  which  are  so  elongated 
in  the  direction  of  the  bedding  that  while  they  generally  present  a 
lens-shaped  form,  their  cross-section  is  nearly  circular.  The  size  of 
these  lenses,  which  externally  resemble  what  the  Germans  call  <*Angen" 
or  eyes,  is  extremely  variable.  Some  are  smaller  than  peas,  while  others 
are  more  than  two  inches  in  length.  The  extent  also  to  which  they  are 
elongated  differs  very  much  in  different  cases.  Some  are  represented 
only  by  narrow  white  lines  which  are  occasionally  thickened  or  swelled 
oat  into  oval  spots.  Between  these  and  such  as  vary  comparatively 
little  from  a  spherical  form  we  may  find  all  intermediate  stages. 

These  white  lenses  are  by  no  means  nniversally  distribnted  through 
the  green-schists  of  the  Brook  section ;  on  the  contrary  they  occur  only 
rarely  in  bands  which  transverse  the  greenstones  parallel  to  their  bed- 
ding. One  of  these  bands  consisted  of  only  a  few  rows  of  large,  oval 
masses,  exactly  resembling  rounded  pebbles,  but  in  spite  of  its  narrow* 
ness  it  could  be  traced  for  a  considerable  distance. 

The  white  color  of  these  lenses  or  ^^Augen"  presents  a  decided  con- 
trast to  the  dark  green  of  the  inclosing  schists.  Their  outline,  too,  is 
quite  sharp,  and  yet«  upon  a  close  examination,  they  are  seen  to  pass 
gradually  into  the  substance  of  the  surrounding  rock.  What  their 
origin  was,  whether  they  were  inclusions  much  flattened  by  subsequent 
pressure,  or  secretions  of  the  rock  itself,  or  infiltrations,  it  now  seems 
difficult,  if  not  impossible,  to  decide. 

Sections  11703    to  11705a,  show  the  microscopic  composition  and 
structure  of  these  lenticular  masses  as  well  as  their  relation  to  the  in- 
closing rock.    This  latter  is  in  all  cases  a  typical  hornblende  schist  or 
amphibolite.    It  is  composed  of  small,  compact  needles  of  strongly 
pleochroic,  green  hornblende,  colorless  grains  of  feldspar  and  probably 
qaartz,  and  the  minute,  highly  refractive  epidote  particles  so  character- 
istic of  the  crystalline  schists.    The  feldspar  is  very  fresh  and  free  from 
inclusions,  as  though  it  were  the  product  of  a  new  crystallization.    It 
r^urely  possesses  an  albite  or  microcline  twinning  structure,  but  for  the 
most  part  it  is  so  homogeneous  and  limpid  that  it  closely  resembles 
qaartz.    Lessen  has  called  particular  attention  to  the  difficulty  of  dis- 
tinguishing a  mosaic  of  secondary  albite  from  quartz  under  the  micro* 
Boope,^  and  it  is  very  possible  that  quartz  grains  are  actually  present 
in  this  rock,  although  in  certain  favorable  cases  a  biaxial  character  was 
substantiated. 

No.  11703  is  cut  in  the  direction  of  the  bedding  and  shows  the  horn- 
blende in  strictly  parallel  arrangement.  Its  feldspar  <^Augen  "  are  very 
mach  elongated,  while  in  No.  11705,  which  is  cut  nearly  perpendicular 
to  the  bedding,  they  are  as  broad  as  they  are  long.  This  substance 
▼aa  undoubtedly  once  some  triclinic  feldspar,  but  this  has  been  changed 
to  saussurite  which  now  consists  of  epidote  and  sericite  imbedded  in  a 


'  Zettsehr.Dentaoh.  feoL  Gesell.,  toL  81,  1879,  p.  441,  et  8«q.    Jfthrbnoh  prauM.  fool  LuideMiiit«lt 
ftr  1884,  pp.  528,  o44,  PI.  XXIZ,  at;.  4. 
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new  crystallization  of  albite.  They  contain  no  hornbleDde,  bat  there 
seems  to  be  a  condensation  of  this  mineral  in  the  schist  around  their 
edge  and  enough  of  it  penetrates  for  a  distance  into  their  substance  to 
form  a  gradual  transition  rather  than  a  sharp  line  of  contact  between 
them  and  the  inclosing  rock. 

The  composition  of  these  ^'Augen "  is  not  in  every  instance  the  same, 
although  they  all  appear  to  have  been  derived  from  some  form  of 
feldspar.  In  No.  11704  they  are  composed  wholly  of  epidote,  while  in 
No.  11705a  the  original  feldspar  was  more  acid  and  sericite  has  been 
produced  almost  to  the  exclusion  of  epidote. 

Other  of  the  banded  greenstones  collected  along  the  Brook  section 
are  quite  devoid  of  the  white  ^^Augen"  and  agree  closely  with  the  rocks 
around  Marquette. 

Nos.  11706, 11713,  and  11718  are  essentially  hornblende  rocks,  con- 
taining some  altered  feldspar  and  some  quartz.  They  are  plainly 
banded,  the  alternate  layers  differing  in  both  color  and  composition. 

No.  11671,  from  an  exposure  very  near  the  center  of  section  17,  con- 
sists of  sharp  epidote  needles  and  a  little  quartz,  imbedded  in  a  con- 
fused mass  of  pale  green,  fibrous  hornblende. 

Nos.  11610,  11611,  and  11667,  from  near  the  powder  mill  on  Dead 
Biver,  are  all  schistose  greenstones  in  a  much  altered  condition  consist- 
ing now  of  chlorite,  quartz,  and  carbonates. 

As  has  been  already  remarked,  the  structure  of  these  greenstone- 
schists  is  such  as  to  necessitate  a  belief  in  the  original  nature  of  their 
Stratification;  while,  on  the  other  hand,  their  chemical  as  well  as  their 
mineralogical  composition  renders  it  impossible  to  separate  them  from 
the  massive  and  highly  altered  greenstones  (uralite  diabases,  etc.), 
with  which  they  are  most  intimately  associated.  Their  parallel  band- 
ing indicates  a  fragmental,  but  their  chemical  and  their  mineral  com- 
position indicate  an  igneous  origin.  The  only  satisfactory  reconciliation 
of  these  opposite  sets  of  characters  is  to  be  found  in  that  group  of 
rocks  intermediate  between  sediments  and  lavas,  known  as  volcanic 
tuffs. 

In  the  opinion  of  the  writer,  then,  the  banded  greenstone  schists  of 
the  northern  Marquette  area  are  to  be  regarded  iis  consolidated  and 
highly  metamorphosed  diabase  tuffs.  These  are  intimately  associated 
V^ith  numerous  contemporaneous  flows  of  diabase  and  quartz  porphyry, 
together  with  tuffs  of  the  latter  rock ;  while  all  have  been  broken  through 
by  much  younger  dikes,  both  basic  and  acidic. 

From  the  preceding  petrographical  descriptions  it  will  be  seen  how 
great  is  the  similarity  between  the  banded  greenstones  of  Marquette 
and  the  older  massive  diabases.  Mineralogically,  they  are  now  iden- 
tical, but  the  fine  parallel  banding  of  the  former  necessitates  the 
assumption  that  their  origin  differed  from  that  of  the  eruptives. 

In  a  former  paper'  the  writer  has  maintained  that  two  geological 

1  Ball.  IJ.  S.  Geol.  Saivey,  No.  28,  p.  1. 
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masses  as  different  in  their  strnctare  and  origin  as  a  clay-bank  and  a 
lava-stream,  if  they  possessed  the  same  chemical  composition  to  start  withj 
when  sabjected  for  a  long  period  to  exactly  the  same  physical  condi- 
tions, would  resnlt  in  the  same  products.  This  is,  of  coarse,  trne  only 
when  these  conditions  allow  of  profound  metasomatic  and  structural 
changes.  On  the  other  hand,  when  we  find  two  intimately  associated 
rocks  which  for  a  long  time  have  been  subjected  to  exactly  the  same 
conditions,  but  which  still  bear  evidence  of  dissimilar  origin,  in  spite  of 
practical  identity  of  mineral  and  chemical  composition,  we  may  safely 
consider  them  as  originally  of  the  same,  or  of  similar  chemical  composi- 
tion. Now,  it  is  difficult  to  imagine  any  stratified  sediments  of  the 
composition  of  diabase,  except  diabase  ashes ;  nor  could  these  have  un- 
dergone transportation  by  water  without  suffering  important  chemical 
changea.  We  therefore  conclude  that  the  banded  schists  represent  vol- 
canic debris  deposited  at  or  near  the  point  of  its  origin. 

In.order  to  obtain  a  clear  idea  of  just  how  these  ancient  and  much 
disguised  tuffs  acquired  their  present  form  and  apparently  dual  char- 
acter, it  will  be  advantageous  to  ascertain  what  is  known  of  analagous 
formations  of  comparatively  recent  date.  Capt.  0.  E.  Button's  de- 
scriptions^ of  the  fragmental  rocks  accompanying  the  Tertiary  emp- 
tives  of  the  high  plateaus  of  Utah,  are  well  suited  to  this  purpose.  He 
says,  in  speaking  of  the  extent  of  these  deposits :' 

Some  of  the  most  interesting  lithological  problems  presented  by  the  Tolcftnic  prod- 
acts  of  the  high  plateaus  are  those  relating  to  the  origin  and  development  of  what 
may  be  termed  the  clastic  igneous  rocks,  or  rocks  apparently  composed  of  fragmental 
materials  of  igneous  or  volcanic  origin,  but  now  stratified  either  as  so^^Ued  tufa- 
oeous  deposits  or  as  conglomerates.  These  are  exceedingly  abundant  in  all  of  the 
great  volcanic  districts  of  the  world,  and  often  enormously  voluminous.  How  those 
of  the  high  plateaus  would  compare,  in  respect  to  magnitude,  with  those  of  other 
regions,  I  do  not  accurately  knt)w,  but  absolutely  their  bulk  is  a  source  of  utter  aston- 
ishment. They  cover  nearly  2,000  square  miles  of  area,  and  their  thickness  ranges 
from  a  few  hundred  feet  to  nearly  2,500  feet,  the  average  being  probably  more  than 
1,200  feet.  Lavas  are  frequently  intercalated,  but  much  more  frequently  no  inter- 
calary lavas  are  seen,  and  in  general  they  seldom  for  >  any  large  proportion  of  {he 
entire  bulk  when  they  occur  in  coivjunction  with  the  clastic  masses. 

Again,  in  Rpeaking  of  the  peculiar  liability  of  such  deposits  to  meta- 
morphism,  the  same  writer  says  :^ 

A  very  striking  characteristic  of  these  clastic  volcanic  rocks,  both  the  tufas  and 
the  conglomerates,  is  their  great  susceptibility  to  metamorphism.  Not  only  have  the 
^Mds  in  many  localities  been  thoroughly  consolidated,  but  they  have  undergone  crys- 
tallization. Those  tufas  and  conglomerates  which  are  of  older  date,  and  which  have 
been  buried  beneath  more  recent  accumulations  to  considerable  depths,  rarely  fail  to 
show  conspicuous  traces  of  alteration,  and  in  many  cases  have  been  so  profoundly 
modified  that  for  a  considerable  time  there  was  doubt  as  to  their  trne  character.  The 
general  tendency  of  this  process  is  to  convert  the  fragmental  strata  into  rocks  having 
s  petrographic  facies  and  texture  very  closely  resembling  certain  groups  of  igneous 
picks.    When  we  examine  the  rocks,  in  situ  no  doubt  can  exist  for  a  moment  that 


*  Beport  on  the  Geology  of  the  High  PUteaas  of  Utah.    By  C.  E.  Datton ;  Washington,  1880. 

*  Ibid.,  p.  SO.  •  Ibid.,  pp.  79. 80. 
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they  ace  water-laid  strata.  The  hand-speoimaiis  taken  from  the  beds,  which  are  ex- 
tremely metamorphosed^  might  readily  pass,  even  upon  close  inspection,  for  pieces 
of  massive  ernptive  rocks  were  it  not  that  the  original  fragments  are  still  distinguish- 
able,  partly  by  slight  differences  of  color^  partly  by  slight  differences  in  the  degree 
of  coarseness  of  texture.  Bnt  the  matrix  has  become  very  similar  to  the  included 
fragments,  holding  the  same  kinds  of  orysials,  and  under  the  microeoope  it  shows 
a  groundmass  of  the  same  texture  and  composition.    •    •    • 

I  see  nothing  at  all  incredible  in  the  idea  of  metamorphism  producing  rocks  so 
cloSely  resembling  some  eruptive  rocks  that  they  can  not  be  petrographically  distin- 
guished from  them.  It  seems  rather  that  we  ought  to  anticipate  just  such  a  result 
from  the  alteration  and  consolidation  of  pyroclastio  strata.  The  materials  which 
compose  them  consisted  originally  of  disintegrated  feldspar,  pyroxene,  and  the  mat- 
ter which  constitutes  the  amorphous  base  of  all  eruptive  rocks. 

We  Bite  thas  enabled  to  see  that  there  is,  at  least,  no  geological  diffi- 
culty in  the  explanation  here  oflfered  of  the  origin  and  natnre  of  the 
banded  green-schists  at  Marqnette.  On  tiie  high  plateans  of  Utahf 
which  form  one  of  many  similar  districts,  conditions  are  plainly  seen 
to  have  prevailed  quite  simitar  to  those  here  assumed  for  the  .more 
ancient  rocks  of  Lake  Superior;  and  yet  the  metamorphism  which  has 
taken  place  in  the  ancient  Archean  deposits  is  hardly  greater  than 
that  described  by  Gaptain  Dntton  in  the  tertiary  tuffii. 

The  most  generally  accepted  type  of  diabase  tuffs  is  the  €torman 
*^  Schalstein  f  but,  as  Bosenbusch  well  remarks,^  in  the  course  of  many 
years  so  many  totally  different  rocks,  with  only  the  most  superficial  re- 
semblance to  each  other,  have  been  described  under  this  designation, 
that  there  is  now  no  definite  meaning  whatever  which  can  be  attached 
to  this  term.  The  schalsteins  are  for  the  most  part,  green  or  greenish 
in  color,  earthy  and  schistose ;  but  among  them  have  been  included 
altered  and  foliated  diabases  on  the  one  hand,  and  true  sediments  on 
the  other,  while  some  of  them  are  undoubtedly  true  diabase  tufEs.  In 
Germany  their  distribution  is  very  wide  in  !N'assau,  Saxony,  and  Ba- 
varia. 

The  microscopic  sections  of  German  Schalsteins  accessible  to  me  for 
comparison  were  those  in  the  Sturtz  collection  of  typical  rocks  belong- 
ing to  the  petrographical  laboratory  of  the  Johns  Hopkins  University. 
They  are  from  the  localities  of  BUbeland  in  the  Hartz  Mountains,  and 
Diez,  Baldinnstein,  Dillenburg,  and  Weilburg  in  Nassau.  In  spite  of 
extreme  alteration,  resulting  in  several  cases  in  the  survival  of  only 
chlorite,  calcite,  and  iron  oxide,  it  can  be  distinctly  seen  that  the  speci- 
mens were  originally  totally  different  The  rocks  from  Diez,  Dillen- 
burg, and  two  out  of  the  three  labeled  Weilburg,  are  only  very  amyg- 
daloidal  diabcses.  The  structure  in  the  base  is  well  preserved,  while 
the  amygdules  are  filled  with  calcite  surrounded  by  a  rim  of  chlorite* 
The  rock  from  Biibeland  is  apparently  of  the  same  nature,  but  the  origi- 
nal structure  has  now  disappeared.  In  the  specimen  from  Baldinnstein 
and  in  one  from  Weilburg  there  is  no  indication  of  diabase  structure, 
but  there  is  a  spheroidal  aggregation  resembling  that  seen  in  palagonite. 

1  MikroB.  Fhyslog.,  2d  ed.,  vol.  2,  p.  246.. 


wiujAMs]  FOREIGN   DIABASE   TUFFS.  161 

The  most  extended  descriptions  of  these  rocks  have  been  given  by  GUm- 
bel,  who  has  treated  the  schalsteins  of  the  Fichtelgebirge  in  Bavaria  in  a 
most  careful  manner.^  Bothpletz  has  described  the  tnfEs  and  agglom- 
erates associated  with  the  Silorian  diabases  in  Saxony.^  In  Great 
Britain  the  ancient  volcanic  areas  of  Cornwall  and  St.  David's  in  Wales 
show  the  closest  similarity,  both  in  the  character  of  their  rocks  and  iu 
certain  features  of  their  structure  to  the  Marquette  region.  The  slaty 
blue  *^  elvans^  of  the  former  district  were  regarded  by  De  la  Beche  as 
altered  ash-beds.^  J.  Arthur  Phillips  arrived  at  the  same  conclusion.^ 
He  says :        * 

Tlie  Comisli  rooks  afiford  numerous  examples  of  ancient  lava  flows  so  interbedded 
with  slates  and  Bchists  of  the  district  as  to  lead  irxesistibly  to  the  conclusion  that 
they  are  contemporaneous  ingeous  deposits. 

Also  again :  ^ 

The  slaty  blue  elvans  found  between  8t.£rth  and  St.  Stephens  (in  Bramwell)  have 
a  chemical  composition  identical  with  that  of  the  altered  dolerites,  and  may  be^  as 
was  formerly  suggested ,  highly  metamorphosed  ash-beds. 

The  basic  tuffs,  like  the  acid  ones,  occurring  at  St.  David's  have  been 
described  by  Dr.  A.  Geikie.^  He  finds  that  all  varieties  of  texture  can 
be  traced,  from  large  grained  breccias  to  fine  schistose  mudstones.  The 
finer  material  includes  angular,  subangular,  and  rounded  blocks  or 
lapilli,  consisting  not  alone  of  diabase,  but  also  of  the  more  acid  felsitic 
rocks.  These  are  true  agglomerates,  and  their  striking  resemblance  to 
certain  other  of  the  schistose  greenstones  of  the  Marquette  belt  will 
be  alluded  to  in  the  sequel. 

The  eruptive  rocks  which  Dr.  Hans  Eeusch  has  recently  studied  in 
the  regionally  or  dynamically  metamorphosed  district  on  the  west  coast 
of  Norway,  present  a  close  resemblance  to  those  occurring  near  Mar- 
quette.'^  He  finds  diorites,  in  part  very  schistose,  which  have  originated 
through  the  metamorphism  (uralitization  and  epidotization)  of  ancient 

1  G«ogDOBtiBoheBe8ohreibang  des  Flohtelgebirges,  mit  dem  Frankenwald  and  dem  weoUichen  Yor- 
laade,  Gotha,  1879,  pp.  222  et  aeq. 

*  £rl.  zur  geoL  Spedalk.  Sachaeas,  Sect.  Frank:e]iberg-Hainiohen(78),  pp.  16  and  21 ;  Sect.  SohellenberjC- 
Floha  (97),  p.  65. 

"G«ologioal  Obserrer. 

*  Quart  Joor.  GeoL  Soc.  London,  vol.  34,  p.  4  93. 

*  Ibid,  p.  496. 

*  Qnart.  Joor.  Qeol.  Soa  London,  vol.  39,  p .  297, 1883. 

'Goologiflche  Beobachtiin^^en  in  oinem  reglonal'metamorphosirten  Geblet  am  HardangerQord  in 
Norwegen,  Keaea  Jabrbuoh  ftir  Mineral.,  Beilage-Band  5,  pp.  52-67.  On  pages  54, 55  the  author  Bays : 
in<^t  selten  seigt  das  dioritisohe  Gostein  einen  schlchtenweisen  Wechsel  von  versohledenen  Varie* 
titen.  In  dieaem  Falle  bin  icb  geneigt,  aDzunehmen,  daas  das  urspriiDgUohe  GeateLn  nach  Art  der 
Toffegebiidet  warde.  Dies  geschiohtete  dioritisohe  Gesteln bildot  einen  Uebergang  za deu  griinlicbtin 
feinkomigen  oder  dichten,  geachicbteten,  mehr  oder  weniger  scbieferigen  Gosteinsarten,  -w'ch^he  die 
Huptmasse  von  dem  aosmachen,  was  ioh  ftir  baaische  Tnffe  halte.  Diese  Gesteine  fiihreu  als  woaeiit- 
hobe  Beatandtheile  Hom})lende,  Chlorlt  and  Epidot,  daneben  gom  roichlich  Carbonapath.  8ie  cut- 
spiMhen  einigermaaaen  den  Scbalateinen  der  dentachen  Petrograpbea.  Eingelagert  kommcu  Masaon 
^w,  dieman  am  eheaten  fUr  gefloeaene  Stroma  halten  miiaa.  Einige  aind  wohl  auch  intruai  ve  Giiugo. 
«^ebrigena  iat  ea  bier,  wie  anderawo  anter  abnllchen  Vorbfiltnisaeu,  oft  schwiorig  zu  unter8ch(;ideu 
Wit  inaaaig  erstarrt  and  waa  klaatiaohe  Bildang  iat.  For  the  detailed  deacriptiona  of  theae  rocka  by 
^•Beoaoh,  aee  "Bommeloen  og  Karmoen,"  Christiania,  1888  (InDaniab),  p.  112,  and  the  appended 
^Q<liah  Bommary  of  contents,  p.  402. 
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gabbros.  These  are  most  intimately  associated  with  granites  and  qaartz 
porphyries,  while  both  acid  and  basic  rocks  are  accompanied  by  abun- 
dant tuff  deposits. 

In  America  hardly  anything  reliable  has  been  published  on  basic  tuffs. 
Edward  Hitchcock  speaks  of  diabase  tuffs  in  the  trias  of  Massachu- 
setts, but  gives  nothing  specific  respecting  their  nature.^  References 
to  this  class  of  deposits  are  scattered  through  the  writings  of  some  of 
the  Canadian  geologists,  especially  in  the  recent  report  of  Mr.  A.  C. 

Lawson  on  the  Lake  of  the  Woods  region.* 

II  ■    -     ■     « 

*QeoIosy  of  SiaaHAcUuaetts,  4°,  1841,  p.  648. 

*  Geol.  and  Nat.  HUt.  Survey  Canada,  Amu  Sept.  for  1885,  Kept  CO.,  1888. 
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CHAPTER    V. 

GREENSTONE  BELTS  OF  THE  MARQUETTE  DISTRICT^Continued. 
BOCKS  OF  THE  SOUTHERN  PORTION  OF  THE  MA.RQUETTE  AREA. 

On  the  south  side  of  the  narrow  baud  of  Hurouiau  slates  which  has 
been  designated  as  the  ^^  Eureka  Series,"  the  greenstones  of  the  Mar- 
quette area  present  a  decided  contrast  to  those  which  have  been 
described  in  the  previous  section  as  occurring  on  its  north  side.  They 
are,  for  the  most  part,  massive,  pale  green  in  color,  and  apparently 
homogeneous  in  structure.  Only  in  rare  instances  can  individual  min- 
erals be  detected  with  the  unaided  eye.  A  schistose  structure  is  not 
uncommon  in  these  rocks,  but  it  is  evidently  a  pressure  foliation,  while 
the  parallel  banding  or  striping,  so  frequent  in  the  greenstones  of  the 
northern  area,  is  altogether  absent.  A  study  of  these  pale  green 
aphanitic  greenstones  seems  to  indicate  that  they  were  not  originally 
to  any  great  extent  tuff  deposits,  but  massive  flows  of  diabase,  which 
have  since  su'ffered  profound  chemical  and  structural  change  in  conse- 
quence of  having  been  subjected  to  intense  dynamical  action. 

In  addition  to  their  foliation,  they  are  fractured  and  brecciated  in 
various  degrees,  and  often  exhibit  a  .curious  spheroidal  or  lenticular 
parting,  for  which  no  perfectly  satisfactory  explanation  has  been  found. 

The  monotony  of  these  prevailing  aphanitic  greenstones  is  inter- 
rupted by  bands  of  more  coarsely  crystalline  and  less  altered  rocks, 
which  represent  basic  dikes  of  more  recent  origin. 

THE  APHANITIC  GREENSTONKS. 

The  general  character  of  these  widely  distributed  rocks  as  seen  under 
the  microscope,  is  shown  in  PI.  X,  fig.  2,  drawn  from  a  specimen  col- 
lected near  the  town  of  Negaunee,  where  this  type  is  developed  oven 
better  than  near  Marquette.  In  the  mass  which  appears  to  the 
nnaided  eye  as  quite  homogeneous,  the  microscope  discloses  long, 
almost  acicular  feldspar  crystals,  embedded  in  a  confused  aggregate  of 
hornblende  needles,  chlorite  scales,  epidote,  quartz,  calcite,  and  cloudy 
spots,  probably  derived  from  leucoxene.  The  feldspar  in  these  rocks 
is,  as  a  rule,  fresh,  and  their  twinning  lamellae  are  still  distinctly  visible. 
Some  of  the  more  acicular  crystals  seem  divided  at  the  ends,  as  is  so 
often  the  case  in  semi-vitreous  surface  rocks  whose  feldspar  microliths 
are  not  completely  formed.  Indeed,  in  many  of  their  characters,  these 
aphanitic  greenstones  strongly  resemble  porphyrites  or  melaphyres 
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whose  glassy  base  has  been  completely  transforoied  into  an  aggregate 
of  secondary  products.  Tneir  stractare,  imperfectly  preserved  as  it  is^ 
strongly  indicates  a  superficial  origin. 

As  typical  representatives  of  these  homogeneous  pale  green  rocks 
may  be  mentioned :  No.  1I63S,  from  the  mouth  of  Whetstone  Brook^ 
just  south  of  ]\^arquette^  Nos.  11725  and  11736,  fh>m  the  summit  of 
the  hill  immediately  south  of  the  last  locality ;  No.  11694,  collected 
about  an  eighth  of  a  mile  south  of  the  State  road  on  the  line  between 
the  southeast  and  southwest  quarters  of  Sec.  27,  T.  48N.,  B.  25  W.;  and 
Ko.  11721,  from  south  of  the  township  road,  on  the  line  between  Sees. 
27  and  28,  T.  48  K.,  B.  25  W. 

These  aphanitic  greenstones  appear  to  have  been  particularly  sensi- 
tive to  dynamic  action.  We  find  locally  developed  in  them  every  de- 
gree of  pressure  foliation  from  a  coarse,  slickensided  breccia  to  a  chlo* 
ritic  slate.  The  cleavage,  however,  is  developed  parallel  to  a  line  rather 
than  parallel  to  a  plane,  as  is  the  case  with  a  true  bedding.  There  is  a 
tendency  to  break  into  rhomboidal  prisms  or  along  almost  any  plane 
which  is  parallel  to  the  average  direction  of  dip. 

No.  11696  is  a  much  gashed  and  brecciated  greenstone  which  adjoins 
on  the  north  an  uralite  diabase  dike,  No.  11695  (see  p.  169).  It  is  both 
schistose  and  chloritic,  but  its  microscopical  structure  shows  plainly 
that  it  was  once  a  diabase,  and  that  its  present  character  is  due  en- 
tirely to  the  action  of  some  great  mechanical  force.  The  typicid  ophiti« 
structure  or  irregular  network  of  lath-shaped  feldspar  crystals  is  still 
readily  discernible.  The  mechanical  action  seems  to  have  been  rather 
a  stretching  than  a  compression.  The  feldspar  crystals,  which  are  con- 
siderably altered,  are  broken  and  the  fragments  pulled  apart.  The 
secondary  chlorite,  so  common  in  all  stretched  rock)s  (cf.  PI.  XI,  fig. 
2),  is  here  abundant  in  the  numerous  longitudinal  cracks,  which  traverse 
the  rock  irrespective  of  its  component  minerals.  This  is  always  ar- 
ranged with  its  scales  or  fibers  perpendicular  to  the  walls  of  the  fissure. 

In  addition  to  such  brecciated  rocks  as  the  last  specimen,  very  per- 
fectly  schistose  varieties  of  these  aphanitic  greenstones  are  common  in 
the  southern  part  of  the  Marquette  area,  their  strike  conforming  to  that 
of  all  the  other  rocks  of  this  region.  These  are  typically  ex^Kised  at 
the  mouth  of  Whetstone  Brook  (Nos.  11639  to  11643) ;  in  the  railroad 
cutting  just  west  of  it  (No.  11645);  on  the  high  hill  still  farther  west- 
ward (No.  11726);  and  in  the  Duluth,  South  Shore  and  Atlantic  Bail- 
road  Cutting  just  north  of  the  Marquette  sandstone  quarries  (No.  11691). 

For  the  most  part,  these  rocks  are  a  fine  chloritic  mass,  whicb^  under 
the  microscope,  shows  a  pronounced  schistose  structure,  but  only  rarely 
any  certain  indications  of  eruptive  origin.  Very  faint  but  unmistak- 
able traces  of  the  ophitic  structure  are  nevertheless  sometimes  visible 
even  in  these  roci^s,  as,  for  instance,  in  No.  11726,  which  was  entered 
in  the  field  notes  as  a  ^^  slaty  band  traversing  the  massive  greenstones 
above  Whetstone  Brook." 
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The  history  of  these  schistose  greenstones  must  be  deciphered  with 
the  conjoint  evidence  afforded  by  the  microscope  and  a  study  of  their 
relations  in  the  field.  The  occasional  survival  of  the  characteristic 
diabase  structure  even  in  some  of  the  more  foliated  forms,  taken  in 
connection  with  their  evident  identity  with  and  gradual  transition  into 
the  massive  varieties,  appears  to  be  sufficient  proof  that,  with  the 
exception  of  certain  unimportant  tuff  deposits,  these  green  schists  have 
been  derived  from  basic  eruptives  through  the  agency  of  intense  me- 
chanical and  chemical  action. 

The  closest  analogy  to  the  rocks  of  the  southern  Marquette  green- 
stone  area  is  to  be  found  in  the  metamorphosed  diabases  of  the  eastern 
Harts.  These  rocks  have  been  minutely  studied  and  for  the  first  time 
snocessfhlly  deciphered  by  E.  A.  Lessen,  of  Berlin.  His  descriptions 
eoald  be  applied  almost  verbatim  to  the  Marquette  greenstones ;  and 
each  of  these  two  similar  areas  can  but  have  additional  light  thrown 
upon  its  interpretation  by  the  facts  afforded  by  the  other.^  Lossen  dis- 
tiogaishes  between  the  coarse  grained  or  granular  (kdrnig)  and  the 
fine  grained  (aphanitisch)  diabase,  as  has  been  done  in  the  area  here 
under  discussion.  He  finds  that  both  rocks,  but  especially  the  apha- 
nitic  type,  are  very  sensitive  to  dynamic  action,  and  that  in  the  process 
of  mountain  making  they  have  been  to  a  large  extent  passively  meta- 
morphosed and  converted  into  breccias,  ^^Flaser"  diabase  and  green 
schists.  The  last  named  ^'  grUne  Schiefer  "  are  of  particular  interest 
to  as  on  account  of  their  resemblance  to  the  schistose  rocks  of  the 
soQthern  Marquette  area.  In  the  Hartz  they  make  a  conformable  mem- 
ber of  the  Wieder  schists  (hercynian)  which  are  of  ver}^  considerable  ex- 
tent and  are  always  associated  with  the  aphanitic  diabase.  The  minute 
and  careful  studies  of  Lossen  have  led  him  to  the  conclusion  that  these 
schists  are  not  in  any  way  sediments  nor  even  diabase  tuffs  (^'  Schal- 
steiue'^),  but  molecularly  metamorphosed  eruptive  rocks,  of  a  fine 
grained  diabase  type.^  The  more  massive  rocks  are  considered  to  rep- 
lesent  old  lava  flows  which  occurred  while  the  accompanying  sedi- 
ments were  being  deposited,  and  the  idea  that  the  green  schists  of  the 
Wieder  horizon  were  once  also  massive  diabases,  is  based  both  upon 
the  field  relations  of  these  rocks  and  mOre  especially  upon  the  frequent 
remains  of  the  diabase  structure  which  they  still  contain. 

The  published  descriptions  of  many  other  green  schist  areas  in  Eu- 
rope^notably  in  Bavaria,  Saxony  and  the  Taunus — show  that  they 
possess  a  strong  resemblance  to  those  of  Michigan  and  the  Eastern 
Hartz,  and  it  is  not  improbable  that  they  also  may  have  had  a  similar 
origin. 

'TbedMcriptioiisof  LoaBeD  sreoontftlned  in  the  explanations  to  the  special  geological  map  of  Pras- 
■iftad  Thniingia  (ErUlaternngen  sar  geologisohen  Speoialkarte  yon  Preoaeen  nnd  den  thiiringiachen 
Stiaten)  sheets  Paasfelde  (1882),  and  Wippra  (1883).* 

'"  Die  mlkroskopisohe  Untersnohnag  charaoteristischer  Vorkommen  diesor  typisohen  Diahas- 
tphmiten  rscfesellaohafteten  grfknen  Schiefer  hat  ergeben,  dass  sie,  wenn  nioht  inagesammt,  dooh 
grasasathells  nUBUtUer  DrucktehUferunglmoUeularumgewandeUe  Diabate  aufzofaasen  sind."  Ibid., 
BL Wippxa^  p.  27;  (ot  alaop.  40 and BL  Panafelde^  p.  52). 
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A  noteworthy  feature  of  the  aphanitic  grcenstODes  and  greenstone 
schists  of  the  soathern  Marquette  area,  and  one  which  is  exhibited  in 
a  still  raore  marked  degree  by  the  similar  rocks  occurring  near  the 
town  of  Negaunee  (see  the  following  section),  is  their  frequent  division 
into  spheroidal,  ovoid,  lenticular  or  more  irregularly  shaped  masses. 
These  diifer  very  much  in  size,  as  well  as  form,  and  often  show  a  tend- 
ency to  fit  together  like  stones  in  a  mosaic,  although  they  are  always 
separated  by  interlacing  bands  of  a  softer,  more  schistose  and  gener- 
ally darker  material.  These  anastomosing  bands  seem  to  wind  about  the 
harder  and  more  massive  cores,  becoming  thinner  or  thicker  according 
as  the  masses  approach  each  other  more  closely,  or  are  more  widely 
separated  by  the  rounding  off  of  their  comers.  This  peculiar  struct- 
ure, which  appears  to  be  only  local  in  its  development,  may  be  seen  at 
the  mouth  of  Whetstone  Brook  in  Marquette,  near  Baldwin's  kilns,  near 
Kegauuee  (NB  J  of  NW  i  of  Sec.  28  W.,  T,  48  IST.,  E.  26  W.),  and  on  the 
south  side  of  the  Carp  River  along  the  logging  road  leading  northward 
from  the  east  end  of  Teal  Lake.  The  accompanying  diagram  (Fig.  26), 
drawn  from  the  last  named  exposure,  illustrates  the  general  character 
of  this  structure. 


Fia.  28.— Dia^am  to  iUastrate  spheroidal  parting  in  aphanitic  greenstone. 

Scale,  3  feet  to  the  Inch. 


Carp  Rirer. 


The  cores  generally  seem  to  be  quite  massive,  but  in  some  cases  they 
have  a  latent  foliation  which  is  developed  by  weathering.  Where  the 
rock  has  become  decidedly  schistose,  as  was  observed  in  one  part  of 
the  Carp  Eiver  exposure,  these  cores  are  pulled  out  into  long  interlock- 
ing lenses,  which  have  their  longest  axes  parallel  to  the  foliation.  (See 
Fig.  27,  p.  177.) 

Such  a  structure  as  that  above  described  appears  to  be  not  uncom- 
mon in  the  greenstones  and  greenstone  schists  of  the  Northwest.  It 
is  well  known  to  the  Canadian  geologists,  who  have  designated  the 
rocks  exhibiting  it  as  "concretionary  traps.''  It  is  described  by  Dr. 
Andrew  C.  Lawson,  in  his  report  ou  the  Lake  of  the  Woods,  in  the  fol- 
lowing terras: 

This  structure  consists  of  the  rock  being  divided  into  moreor  less  irregularly  spheri- 
cal or  ovoid  masses,  varying  in  diameter  from  2  to  3  inches  to  as  many  feet.  These 
ovoid  masses  are  not  in  close  contact,  but  are  separated  from  one  another  by  an  in- 
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torstitiftl  material.  Tho  concretionary  masses  are  at  their  points  of  nearest  approx- 
imation to  each  other,  generally  abont  half  an  inch  or  an  inch  apart,  no  matter  what 
may  be  their  size,  so  that  when  the  ovoid  masses  are  large,  the  interstitial  material 
appears  in  section  as  thin,  anastomosing  sheets,  in  which  is  developed  a  schistosity 
parallel  to  the  ontliues  of  the  ovoid  masses  they  inclose.  The  interstitial  filling  is  gen- 
erally of  a  darker  color,  more  chlori  tic,  Bofter,and  of  a  finer,  more  homogeneous  texture 
than  the  ovoid  masses,  and  weathers  out,  often  leaving  the  latter,  in  sections  afforded 
hy  glaciated  surfaces,  surronnded  by  sharp  little  trenches. 

The  ovoid  masses  are  uniformly  arranged  as  regards  the  direction  of  their  long  axes, 
and  each  one  is  surrounded  by  a  sharp  border  half  an  inch  wide,  of  a  dark  greenish 
^y  color,  which  has  been  more  resistant  to  weathering  agencies  than  the  rest  of 
the  lock.  The  ovoid  masses  present  as  the  result  of  weathering  a  rough  or  pimpled 
nirface  of  porous  aspect  and  bleached  greenish  white  color.  The  interstitial  filling 
is  firmer  in  texture  and  softer  than  either  the  ovoid  masses  or  their  border,  and  is 
intermediate  between  them  in  color,  with  a  brownish  yellow  tinge. 

lu  the  hornblende  schists  this  ovoid  structure  in  the  rook  takes  a  somewhat  different 
aspect,  and  presents  the  appearance  of  thin  anastomosing  sheets  of  dark  green,  soft 
chloritic  material,  sometimes  enveloping  completely  ovoid  or  irregularly  shaped  por- 
tions ot  the  hornblende  schist,  and  at  others  losing  themselves  in  a  tapering,  dis- 
connected fashion  in  the  main  mass  of  the  rock.^ 

It  is  evideut  upon  the  most  saperflcial  examination  that  this  stract- 
nre  is  in  no  way  *'  concretionary,"  as  that  term  is  commonly  ander- 
stood.  Nor  is  it  possible  to  suppose  that  the  harder  ovoid  masses  were 
oiigiDally  ejected  fragments,  which  have  become  imbedded  in  a  finer 
matrix  of  volcanic  material  forming  a  true  agglomerate.  A  safficient 
objection  to  this  hypothesis  is  the  fact  that  these  harder  masses  so 
freqaently  fit  together  like  parts  of  a  mosaic. 

In  many  instances  the  spherical  or  ovoid  form  of  the  disjointed 
fragments  is  so  perfect  that  the  strnctare  strongly  resembles  the 
spheroidal  parting,  developed  in  a  latent  form  in  eraptive  rocks  by 
cooling,  and  made  more  distinct  by  weathering.  This,  which  is  really 
a  perlitic  strnctare  on  a  large  scale,  frequently  extends  through  large 
masses  ot  eraptive  material;  and  the  descriptions  and  photographs 
kindly  famished  the  writer  by  Mr.  Whitman  Cross,  who  has  stadied  it 
in  Colora4lo,  indicate  many  pdincs  of  striking  resemblance  to  the  struct- 
ure of  the  Lake  Superior  greenstones.  It  is  quite  possible  that  the 
phenomenon  may  in  certain  cases  be  due  to  contraction,  although  in 
others  the  irregular  shape  of  the  fragments,  as  well  as  their  occurrence 
in  fragmental  rocks,  indicates  another  origin. 

A  structure  showing  many  points  of  resemblance  to  that  here  de- 
scribed is  presented  by  the  well  known  green  schists  (griine  Schiefer), 
occarring  near  Hainichen,  in  Saxony,  and  the  explanation  afforded  by 
the  study  of  their  very  favorable  exposures  may  assist  our  understand- 
ing of  the  parting  in  the  Lake  Superior  greenstones.  The  fragments 
of  the  Saxon  green  schists,  in  spite  of  the  great  difference  in  their  size 
(varying  from  that  of  a  pea  to  that  of  a  house),  are  so  rounded  that  they 
were  formerly  regarded  by  C.  F.  Naumann  as  a  conglomerate.'    Kever- 

'G«ol.  and  Nat.  History  Sarrey  of  Canada,  Anoaal  Report  for  1885  (new  aeriea,  VoL  1);  Keport 
CO  on  the  Lake  of  the  Woods,  by  A.  C.  Lawboq,  pp.  52, 53. 
'Brttatemngen  znr  geogn.  Karte  dea  KSnigreichs  Sachaen,  pt.  1, 1884,  p.  89. 
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theless  their  fitting  together  convinced  sabseqaent  observers  that  the 
stractare  mast  be  dae  to  brecciation  in  sita.^  These  rocks  have  more 
recently  been  carefolly  studied  by  A.  Eothpletz,  who  was  able  to  trace 
the  stractare  downward  into  a  series  of  interlacing  joints,  and  who  ex- 
plains the  ronnded  character  of  the  fragments  and  the  prodnctioji  of 
much  of  the  interstitial  material  by  the  rubbing  togetl^r,  under  the 
action  of  intense  orographic  pressure,  of  a  mass  already  finely  subdi- 
vided by  cracks.  Fig.  4  of  Bothpletz's  plate  gives  a  foir  representation 
of  some  of  the  Lake  Superior  occurrences.^ 

The  hypothesis  of  the  mechanical  origin  of  this  carious  parting  in  the 
greenstones  and  greenstone  schists  seems  best  to  explain  the  following 
fEusts: 

(1) '  Its  occurrence  in  fragmental  rocks. 

(2)  The  often  very  irregular  shape  of  the  fragments. 

(3)  The  interlocking  of  the  same  into  a  mosaic. 

(4)  The  factr  noticed  by  Lawson,  that  th0  thickness  of  the  interstitial 
layer  is  independent  of  the  size  of  the  fragments. 

(5)  The  fact,  also  noticed  by  the  same  observer,  that  the  interstitial 
layer  in  homeblende  schists  often  loses  itself  in  the  rock  without  com- 
pletely surrounding  a  fragment. 

(6)  The  identity  in  petrographical  character  of  all  the  cores  in  the 
same  mass. 

(7)  The  similarity,  except  where  it  is  more  altered,  of  the  interstitial 
material  to  that  forming  the  ovoid  cores.  At  the  Carp  River  locality 
(see  p.  176)  the  cores  contain  small  white  feldspar  crystals,  ^hich  are 
also  present  in  the  layers  which  separate  them.  * 

COARBS  GRAINED  DIKB  ROCKS. 

The  fine  grained  aphanitic  greenstones  and  greenstone  schists  which 
prevail  over  the  southern  Marquette  area  are  intersected  by  many  bands 
of  coarser  material  whose  eruptive  character  is  still  evident  in  their 
microscopic  structure.  These  represent  later  dikes  of  a  basic  character 
which  have  broken  through  the  older  rocks,  and  which  on  account  of 
their  more  recent  eruption  are  less  altered.  One  of  the  most  typical  of 
these  is  exposed  on  the  small  island  near  the  end  of  the  Cleveland  ore 
dock  in  Marquette.  This  small  island  consists  of  two  portions  con- 
nected by  a  narrow  neck.  The  southern  part  is  composed  of  a  hard, 
compact,  brown  rock,  which  is  sometimes  quite  coarse  grained  or  por* 
phyritic.  Its  color  and  the  abundance  of  epidote  which  is  macroscop* 
ically  visible  indicate  extensive  alteration.  Under  the  microscope  a 
specimen  from  this  locality,  No*  11649,  is  seen  at  a  glance  to  be  a  typ- 
ical diabase.    Although  every  vestige  of  the  original  pyroxene  has  been 


1  Naamann :  ErlilateraDgen  der  geogn.  Kmrte  der  ITmgegend  von  Hainiohen  im  Konlgr.  SacliMa 
1871,  p.  11.  Bad.  Credner:  Das  Griinschieferaystem  von  Hainichen,  Zeitachr.  fur  die  geaammten, 
Natorwias.,  vol.  47,  p.  127. 1876. 

'Ueber  meohanisohe  Gesteinsnmwandlangen  bei  Hainichen  in  Saohaen,  part  2.  Zeltachr.  Deutsoh. 
geol.  G^esell.,  vol.  31,  pp.  374-307.    PL  IX,  1879. 
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replaced  by  a  finely  fibrous  green  iiornblende  (uralite),  yet  the  char- 
aeteristic  ophitic  or  diabase  stmcture  is  still  perfectly  preseryed.  The 
latb-Bbaped  feldspar  crystals  are  bat  sligbtly  altered  and  the  spaces 
between  them  are  as  sharply  defined  as  when  the  rock  first  solidified. 

The  northern  {portion  of  this  little  islanc^  shows  the  same  diabase  in  a 
mach  more  al^red  form.  The  rook  has  a  pale  greenish  color,  and,  though 
qdte  massive  in  the  center,  is  schistose  on  either  side. 

Nos.  11651  and  11652,  the  former  from  the  massive  and  the  latter  from 
thesebistoseportion  of  this  rock,  offer  additional  examples  of  the  fact  so 
fteqaently  observed  in  the  Menominee  Biver  greenstones,  viz,  that  the 
feldspar  of  those  rocks  which  have  been  subjected  to  the  greatest  pros- 
sare  is  more  broken,  bat,  as  a  mle,  less  altered  than  that  in  rocks  which 
have  experienced  less  violent  mechanical  action.  Both  of  these  speci- 
mens show  positive  evidence  in  their  structare  that  they  were  once 
diabases.  In  both  the  ophitic  arrangement  of  the  constitaent  minerals 
is  still  distinct,  bat  in  the  more  massive  rock  the  chemical  alteration  has 
progressed  much  farther  than  in  the  other.  Here  the  lath*shaped  feld- 
spw  crystals  are  preserved  in  outline  by  the  various  secondary  prod- 
acts  whicb  supply  their  place.  Fibrous  hornblende  and  leucoxene  are 
abundant  and  nowhere,  in  either  the  thin  section  or  hand-specimen,  is 
there  visible  any  parallelism  of  arrangement  among  the  components. 
Id  the  schistose  rock,  on  the  other  hand,  chlorite  has  largely  replaced 
the  hornbtoide,  bat  the  feldspar  is  almost  unaltered.  The  long,  lath- 
shaped  crystals  are  broken  and  faulted — ^the  fragments  of  asingleindi- 
vidoal  often  being  separated  a  considerable  distance — ^bat  in  spite  of 
this  the  substance  is  as  fresh  and  the  twinning-lamellse  are  as  sharp  as 
in  a  recently  solidified  rock.  Few  better  examples  could  be  foand  of  the 
evident  action  of  pressure  apon  a  solid  rock  mass.  There  has  been  a 
crashing  and  a  consequent  development  of  schistose  structure  which 
the  microscope  reveals  with  great  distinctness.  Along  lines  where  an 
aotaal  slipping  took  place,  fibrous  hornblende,  chlorite,  and  calcite  have 
been  quite  abundantly  developed. 

No  more  typical  exposure  of  the  greenstones  of  the  southern  Mar- 
qaette  area  can  be  found  than  that  seen  in  the  high  hill  which  rises 
between  Whetstone  Brook,  the  State  road,  and  the  railroad.    (D  on  the 
map,  PI.  YII.)    The  freshest  rock  obtained  from  the  summit  of  this  hill. 
No.  11724,  is  one  of  the  best  preserved  diabases  found  anywhere  south 
of  the  £areka  series.    The  feldspar  is  perfectly  fresh  but  is  much 
broken  and  faulted,  as  in  the  specimen  (No.  11652)  last  described.    The 
interstioes  between  the  fragments  are  filled  with  chlorite.    The  alio- 
triomorphic  pyroxene  is  now  largely  replaced  by  paramorphic  horn- 
blende, although  cores  of  the  original  mineral  are  not  infrequent  in  the 
center  of  the  hornblende  areas.    Apatite,  ilmenite,  and  leucoxene  are 
also  present. 

Nos.  11646,  from  the  southwest  corner  of  the  railroad  crossing  on  Front 
street,  Marquette  (see  on  the  map,  PI.  YII.),  and  11696,  collected  just 
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north  of  the  state  road  (in  the  center  of  Sec.  27  T.  48  K.,  R.  26  W.),  are 
also  well  defined  uralite  diabases.  In  both  the  structure  is  still  intact 
and  the  feldspars  are  generally  well  preserved,  though  the  angite  is  wholly 
uralitized.  One,  rock  of  exceptional  character  (Ko.  11687)  which  oc- 
curs within  the  limits  of  the  southern  Marquette  area,  must  not  be 
X^assed  over  without  notice.  This  outcrops  in  a  small  exnosure  at  the 
end  of  the  road  leading  westward  from  Marquette  to  the  Eureka 
shaft,  about  two  miles  from  the  city  (see  map,  PL  YII).  It  is  of  a  light 
brownish  color,  and,  in  spite  of  an  advanced  state  of  chemical  altera- 
tion, it  shows  plainly  the  effects  of  great  pressure.  It  appears  once 
to  have  been  a  gabbro,  very  similar  to  that  occurring  at  Sturgeon 
Falls,  on  the  Menominee  Biver  (see  p.  67),  but  now  its  original  compo- 
nents and  structure  have  both  disappeared.  Interlacing,  lenticular 
areas  produce  a  decided  ^^microflaser"  structure,  which,  in  places, 
even  resembles  the  fluidal  appearance  of  certain  vitrophyres.  The  min- 
erals now  present  are  a  very  pale  chlorite  filled  with  sharp  epidote  or 
zoisite  needles,  saussurite,  quartz,  calcite,  ilmenite,  leucozene  grains, 
and  winding  bands  of  a  clear,  brown,  isotropic  substance  which  looks  like 
opal.  This  rock  appears  much  shattered  in  the  field  and  it  is  in  imme- 
diate contact  with  the  thin,  fissile  schists  in  which  the  Eureka  shaft  is 
sunk. 

GREENSTONES  SOUTH  OF  THE  QUARTZITB. 

Some  distince  south  of  the  Carp  River,  in  the  west  half  of  the  NW. 
J  Sec.  6,  T.  47  N.,  R.  24  W.,  below  the  limestones  and  quartzite,  a  few 
much  contorted  and  altered  greenstones  appear  just  on  the  contact 
with  the  granite  which  incloses  the  Marquette  basin  on  the  south. 

No.  11778  may  still  be  recognized  as  a  diabase,  though  it  now  con- 
tains only  saussurite,  chlorite,  epidote,  quartz,  and  leucoxene. 

Nos.  1L774  and  11775  are  from  the  same  greenstone  band,  the  former 
massive,  the  latter  schistose.  They  do  not  resemble  any  other  rocks  in 
the  Marquette  area,  but  they  find  their  analogues  in  certain  remarkable 
rocks  on  the  south  bank  of  the  Carp  River,  where  this  is  crossed  by  the 
road  leading  noithward  from  Teal  Lake  (see  succeeding  section,  p.  175). 
Sharply  defined  crystals  of  reddish  feldspar  are  imbedded  in  a  bright 
green  mass  of  chlorite  and  serpentine.  The  feldspars,  although  not 
pulled  apart  as  in  rocks  which  have  been  subjected  to  a  stretching,  show 
evidences  of  theaction  of  enormous  pressure.  Remnants  of  hornblende, 
from  which  the  serpentine  was  i>robably  derived ;  ilmenite,  surrounded 
by  leucoxene ;  and  round  grains  of  bright  red  iron  hydroxide  are  also 
present  in  this  rock.  In  the  schistose  modification,  the  constituents  are 
pulled  out  into  parallel  bands.  The  feldspars  are  lath-shaped  and 
smaller,  and,  without  any  loss  of  sharpness  in  their  outline,  they  are  re- 
placed by  calcite,  which  is  surrounded  by  an  opaque  black  rim.  Cer- 
tain bands  in  this  rock  are  much  finer  grained  and  present  the  feldspar 
and  hornblende  in  a  much  less  altered  condition. 

No.  11779,  from  this  same  locality,  is  one  of  the  best  specimens  any* 
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where  collected  to  show  the  feftects  of  rock-stretching.  It  appears  once 
to  have  been  a  granite  porphyry,  but  is  now  very  schistose  and  is  col- 
ored green  by  the  secondary  chlorite.  Its  grouudmass  is  a  felt-like  ag- 
gregate of  sericite,  qnartz,  and  chlorite  with  a  perfectly  parallel  arrange- 
ment of  the  constitnents.  The  large  porphyritic  feldspar  crystals  are 
much  broken  and  pulled  apart,  always  in  the  direction  of  the  folia- 
tioD,  as  shown  in  PI.  XIY,  fig.  2.  Large  calcite  individuals  are  sur- 
roQDded  by  bright  green  chlorite,  and  both  of  these  minerals  may  rep* 
resent  original  biotite  or  some  bisilicate. 

BOCKS  OF  THE  NEOAUNEE  AREA. 

As  has  already  been  stated  at  the  beginning  of  the  preceding  chap- 
ter, two  points  were  selected  for  the  study  of  the  more  western  portion 
of  the  Marquette  greenstone  belt.  One  of  these  was  the  mining  town 
ofKegaunee,  situated  at  the  southeast  corner  of  Teal  Lake,  about 
twelve  miles  west  of  Lake  Superior.  The  town  itself  is  on  the  iron- 
bearing  Huronian  rocks,  south  of  the  greenstone  belt,  whose  south- 
em  edge  skirts  the  northern  shore  of  Teal  Lake.  Both  east  and 
west  of  the  lake  the  greenstones  are  bounded  on  the  south  by  the 
narrow  ridge  of  white  qnartzite,  whose  termination  is  Mount  Mesnard. 

From  this  qnartzite  two  sections,  three  miles  apart,  were  run  north- 
ward to  the  granite  and  Huronian  rocks,  which  here  divide  the  green- 
stones into  two  separate  areas.  The  more  southern  of  these,  which  we 
will  designate  as  the  Negaunee  area,  resembles  in  its  general  character 
the  region  south  of  the  Eureka  series  near  Marquette;  while  the  region 
north  of  the  Dead  Eiver,  which  will  form  the  subject  of  the  succeediug 
section,  is  much  more  like  the  northern  Marquette  area. 

The  greenstones  occupying  the  region  north  of  Negaunee  do  not 
occur  in  continuous  exposures,  but  rise  out  of  the  plain  composed  of 
glacial  and  later  deposits  in  the  form  of  rounded  knobs.  Both  the 
longest  axis  of  these  knobs  and  the  approximately  parallel  rows  in 
which  they  are  arranged  follow  the  east  and  west  strike,  common  to 
all  the  rocks  of  this  region.  The  greenstones  are,  for  the  most  part,  of 
the  much  fissured  and  brecciated,  light  green  and  aphanitic  variety, 
described  in  the  last  section.  They  are  also  very  commonly  associated 
with  the  same  coarser  and  more  crystalline  eruptives,  probably  of  a 
mach  later  age,  that  we  encountered  south  of  Marquette. 

As  will  be  readily  seen  from  an  examination  of  Dr.  Rominger's  map 
the  Huronian  rocks  around  and  south  of  Negaunee  and  Isbpemiug  are 
also  penetrated  by  numerous  greenstones.  These,  as  a  rule,  resemble 
the  more  crystalline  and  later  iutrusious  of  the  greenstone  belt  proper, 
and  they  may  have  been  contemporaneons  with  them. 

APHANITIC  GKKENSTONKS. 

The  main  mass  of  the  greenstone  belt  near  Negaunee  is  composed  of 
the  fine  grained  or  aphanitic  rock  which  has  been  described  in  the  last 
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section  as  characteristic  of  the  region  south  of  Marqaette.  They  be- 
long to  Lossen's  type  of  ^^ dichte  Diabase'^  and  always  show  more  ad- 
vanced chemical  alteration  than  the  coarser  rocks.  This  is  to  be  ex- 
plained  by  their  finer  ^rain  and  also  from  the  fact  that  they  are  older 
and  have  been  subjected  to  more  dynamic  action  than  the  others.  In 
the  tield  these  rocks  are  found  to  be  much  brecciated  and  not  infre- 
quently quite  perfectly  foliated.  They  also  exhibit  the  peculiar  spher- 
oidal parting  already  described,  p.  166. 

The  microscopical  appearance  of  a  fair  average  type  of  these  aphanitic 
greenstones  (No.  11747,  from  Baldwin's  Kilns)  is  represented  in  Pi.  X, 
fig.  2,  but  they  show  considerable  variation  in  both  structure  and  com- 
position. In  none  is  any  trace  of  pyroxene  now  to  be  found,  and  yet  they 
were  probably  once  typical  diabases.  Their  mineralog^'cal  difierences  are 
mainly  dependent  on  the  relative  proportions  of  hornblende  and  chlorite. 
The  preponderance  of  one  or  another  of  these  minerals  may  be  attrib- 
uted to  a  more  or  less  advanced  stage  of  chemical  alteration,  but  cer- 
tain differences  in  structure  have  probably  always  existed.  The  grain 
may  vary  considerably  in  its  coarseness,  while  the  long  acicular  feld- 
sp$ir  crystals,  so  abundant  in  some  specimens,  are  wholly  wanting  in 
others. 

No.  1 1736  was  colle<sted  on  the  road  from  Negaunee  to  Baldwin's 
Kilns,  just  beyond  the  Carp  River,  from  about  the  center  of  the  SW 
i  of  the  NB  4  of  Sec.  29,  T.  48  N.,  it.  26  W.  It  is  comparatively  coarse 
grained  and  little  altered.  Under  the  microscope  it  appears  as  a  con- 
fused aggregate  of  fibrous  hornblende,  a  cloudy,  opaque,  indetermin- 
able substance  and  some  original  feldspar  whose  crystals  are  much 
broken. 

No.  11744,  obtained  from  an  isolated  knob  of  greenstone,  situated  in 
the  S  W  J  of  the  NE  J  of  Sec.  28,  T.  48  N.,  R.  26  W.,  on  the  longer  road 
to  Baldwin's  Kilns,  about  one  mile  east  of  where  the  last  specimen  Was 
collected,  is  much  like  it  in  appearance  and  microscopic  character. 
The  only  differences  are  due  to  the  more  advanced  alteration  of  the  lat- 
ter rock.     Here  chlorite  is  abundant  and  the  feldspar  hardly  Aisjble. 

No.  11745,  from  the  same  road  as  the  last,  but  much  nearer  the  Kilns, 
shows  the  spheroidal  parting  or  brecciation  in  a  very  perfect  manner. 
The  grain  is  very  fine,  and  the  incomplete  skeleton  like  forms  of  pgr- 
phyritic  feldspar  crystals  are  numerous.  The  mass  itself  is  now  largely 
chloritic,  but  looks  as  if  it  might  once  have  been  a  finely  porphyritic 
rock. 

No.  11747,  found  at  the  same  locality,  is  the  one  from  which  PI.  X, 
fig.  2,  was  drawn.  It  is  similar  in  structure  to  the  last  specimen,  but 
its  grain  is  coarser,  and  fibrous  hornblende  is  still  abundant  in  its 
groundmass.  The  porphyritic  feldspar  crystals  are  broken,  faulted 
and  separated. 

No.  11748  is  a  schistose  modification  of  11747.  This  rock  has  a  much 
finer  grain  than  the  other,  but  no  evidence  of  schistose  structure  is  ap- 
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parent  under  the  microscope.  The  chemical  alteration  has  progressed 
so  far  that  hardly  any  of  the  substances  remaining  have  much  action 
OD  polarized  light ;  nevertheless,  faint  traces  of  small  acicular  feldspar 
crystals  are  visible* 

One  massive  greenstone,  ISo.  11740,  found  just  north  of  Baldwin's 
Eilos,  in  the  NW  I  of  Sec.  21,  T.  48  N.,  B.  26  W.,  is  striking  on 
acooant  of  its  being  mottled  with  round  white  spots  from  5°"*"  to  6""°^ 
in  diameter.  The  rock  is  somewhat  darker  than  usual  in  a  rim  around 
these  spots,  and  the  whole  effect  is  exactly  that  of  a  variolite.  Under 
the  microscope  the  rock  itself  is  found  to  be  composed  almost  wholly 
of  green  fibrous  hornblende,  together  with  some  opaque  grains  and 
saussante.  The  round  whitish  spots  are  very  largely  composed  of 
saassarite  or  a  very  fine  mosaic,  in  which  sharply  defined  hornblende 
crystals  are  imbedded.  They  do  not  show  the  least  trace  of  a  radial 
or  sheaf-like  arrailgement,  such  as  is  characteristic  of  a  true  variolite. 
These  spots  are  not  unlike  those  found  in  the  banded  greenstones  of 
the  Brook  section  (see  p.  157)  in  their  composition  and  structure,  but 
they  are  very  much  more  regular  and  uniform  in  their  shape. 

Other  specimens  of  these  aphanitic  greenstones,  as  for  instance  I^os. 
U793,  11795,  11796,  and  11797,  coUected  along  the  line  of  the  old 
logging  road,  which  leads  from  the  eastern  end  of  Teal  Lake  north- 
,  ward  to  Johnson^s  Camp,  in  the  SB  i  of  Sec.  13,  T.  48  N.,  B.  27  W.,  are 
quite  like  those  above  described  from  the  neighborhood  of  Baldwin's 
Kilns. 

COARSELY  CBYSTALUNB  GKBBNSTOXSS. 

No.  11749,  collected  in  the  extreme  northeast  comer  of  Sec.  21  T. 
48  N.,  B.  26  W.,  northeast  of  Baldwin's  Kilns,  is  an  unusually  beauti- 
ful rock.    The  structure  is  coarse  grained  and  rather  granular,  in 
spite  of  the  feldspar  crystals  being  idiomorphic.    The  large  individuals 
of  hornblende  also,  to  some  extent,  have  their  characteristic  crystal 
form.    They  are  frequently  changed  to  chlorite  or  to  fibrous  horn- 
blendOy  but  still  oftener,  although  bleached  to  a  pale  green  color,  they 
retain  their  compact  texture  and  show  a  twinning  structure.    There 
are  no  present  indications  that  this  rock  ever  contained  x^yroxene,  and 
it  is  therefore  to  be  designated  as  a  diorite.    The  hornblende  shows, 
in  the  process  of  its  alteration,  a  curious  tendency  to  concentrate  the 
deep  green  color  around  the  i)eriphery  of  the  crystals ;  also  the  fraying 
oat  of  their  edges  into  hornblende  needles  similar  to  those  described 
by  Becke  and  .Van  Hise  as  secondary  growths,  produced  by  re^cularly 
orientated  accretions  of  hornblende  substance.    All  of  these  features 
are  shown  in  Plate  XII,  fig.  1,  which  represents  the  microscopic  ap- 
pearance of  this  rock.    The  feldspar  is  filled  with  epidote  or  actiuolite 
nee^lles.    Large  areas  of  bright  green  chlorite  also  occur  which  contain 
sometimes  sharp  epidote  crystals,  bat  more  commonly  fibrqus  horn- 
blende.   Leucoxene  after  ilmenite  is  abundant. 
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No.  11739,  from  the  southeasterly  portion  of  the  SW  J  of  the  NW  J 
Sec.  21,  T.  48  N.,  R.  20  W.,  just  north  of  Baldwin's  Kilns,  is  a  dioritic 
rock  much  like  the  last,  but  it  is  considerably  more  altered.  The  horn- 
bleade  is  more  fibrous,  the  feldspar  more  saussuritized,  white  the 
original  structure  is  also  beginning  to  suffer. 

No.  11746  was  taken  from  a  well  marked  dike  which  intersects  the 
spheroidally  parted,  aphanitic  greenstones,  near  Baldwin's  Kilns:  Heie 
the  diabase  or  ophitic  structure  is  perfectly  developed,  and  there  is 
no  reason  to  doubt  that  the  pale  green,  fibrous  hornblende,  which  now 
fills  the  allotriomorphic  spaces  between  the  lath-shaped  feldspar  crys- 
tals is  secondary  after  augite.  The  most  interesting  feature  of  this 
rock  is  its  amygdaloidal  structure  which  was  observed  in  no  other  Mar- 
quette greenstone.  Several  small  amygdules  are  filled  with  brightly 
polarizing  epidote,  while  one  large  circular  cavity,  measuring  four 
millimeters  in  diameter,  has  its  sides  coated  with  radiating  epidote 
needles  and  its  center  filled  with  calcite. 

No.  11741  is  the  rock  exposed  at  Baldwin's  Kilqs.  It  is  much  jointed 
but  quite  massive.  Under  the  microscope  it  appears  like  the  specimen 
last  described,  except  that  it  is  finer  grained  and  devoid  of  amyg- 
daloidal cavities.  The  structure  of  this  rock  is  perfectly  preserved. 
It  was  once  a  typical  diabase,  although  now  no  trace  of  pyroxene 
remains. 

Another  of  the  more  coarsely  crystalline  dike  rocks  of  the  Negaunee 
greenstone  belt  was  obtained  near  the  granite  contact  in  Sec.  13,  T.  48 
N.,  R.  27  W.,  two  and  one-half  miles  north  of  Teal  Lake.  This  (No. 
11791)  is  a  typical  uralite  diabase,  as  is  shown  both  by  the  distinct 
traces  of  ophitic  structure  and  by  the  frequent  cores  of  pale  reddish 
brown  augite  which  still  remain  iii  the  fibrous  hornblende.  Ilmenite, 
partially  changed  to  leucoxene,  is  also  present  in  forms  especially  char- 
acteristic of  diabase.  The  original  structure  has  been  considerably 
obscured  by  chemical  changes.  The  feldspar  is  partly  recrystallized  to 
a  mosaic,  and  epidote,  chlorite,  and  quartz  have  been  secondarily  de- 
veloped. 

As  has  been  above  remarked  (p.  171),  the  greenstones  which  occur  so 
abundantly  in  the  iron-bearing  Huronian  rocks  both  north  and  south  of 
Negaunee  are  apparently  identical  with  the  coarse  grained,  younger 
rocks  of  the  greenstone  belt  proper.  Still  they  show  the  effects  of  hav- 
ing been  subjected  to  enormous  pressure  which  has  frequently  produced 
hi  them  a  schistose  structure ;  and  as  this  is,  in  every  case,  conformable 
to  the  general  strike  of  all  the  rocks  of  this  region,  we  must  conclude 
that  these  greenstones  were  intruded  before  the  folding  of  the  Huronian 
sediments  was  completed.^ 

Specimens  were  collected  from  the  prominent  exposures  of  these 
greenstones  near  the  town  of  Negaunee.  They  are  all  rather  coarse 
uralite  diabases  of  the  type  last  described  from  the  greenstone  belt. 


*See  sectiooa  by  Brooks,  Atlas  to  CreoL  Survey  Siicliisaa,  Pis.  ui  and  v. 
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No.  11754,  collected  from  the  S W  J  of  the  8  W  J  Sec.  6,  T.  47  N.,  R.  26 
W.,  near  the  moath  of  the  Jackson  mine,  has  a  well  preserved  diabase 
strnctare.  Its  pyroxene  is  wholly  changed  to  pale  secondary  horn- 
blende ;  its  feldspar  is  filled  with  epidote,  while  chlorite  and  leacoxene 
are  common. 

No.  11755,  from  a  high  hill  somewhat  farther  east,  is  essentially  the 
same  rock.    It  contains  epidote  and  chlorite  even  more-abundantly. 

No.  11756  was  collected  from  a  small  greenstone  knob  jast  east  of 
the  hotel  (Breitnng  House)  in  Negaunee.  This  rock  has  been  quarried 
and  may  be  plainly  seen  to  have  been  rendered  partially  schistose  by 
pressure.  Under  the  microscope  it  is  like  the  preceding  rocks  except 
that  alteration  has  here  progressed  further — so  much  so  as  to  have 
obscured,  though  it  has  not  obliterated,  the  original  diabase  structure* 
Chlorite,  epidote,  and  calcite  are  among  the  prominent  constituents. 

Nos.  11758  and  11759  are  from  the  greenstone  blufGs  which  skirt  the 
southern  shore  of  Teal  Lake  near  its  eastern  end.  The  former  is  the  most 
massive,  the  latter  a  schistose  variety  of  this  exposure.  The  massive  rock 
is  a  uralite  diabase  of  the  ordinary  type,  retaining  its  original  structure 
and  also  occasional  cores  of  red  augite  in  the  masses  of  secondary  horn- 
blende. Besides  the  usual  chlorite,  epidote,  and  leucoxene,  there  is  con- 
siderable quartz  present  in  this  rock.  The  second  specimen,  taken  from 
the  schistose  band  on  the  south  side  of  this  greenstone  ridge,  shows 
evidence  of  intense  mechanical  and  chemical  action.  The  original 
structure  has  almost  wholly  disappeared,  while  its  component  minerals 
are  calcite  and  chlorite,  together  with  a  little  quartz  and  leucoxene. 
Barely  these  secondary  products  have  preserved  the  outline  of  lath- 
shaped  feldspars,  which  show  that  they  have  been  much  broken  and 
palled  apart  by  the  stretching  action  to  which  the  rock  has  been  sub- 
jected. 

THE  3TRSTCHED  FRAGMENTAL  ROCKS  ON  THE  CARP  RIVER. 

An  enigmatical  group  of  rocks  was  met  with  near  the  center  of  the 
}^egaunee  greenstone  belt,  where  the  old  road  leading  to  Johnson's 
hogging  camp  crosses  the  Carp  Biver.    This  locality  is  in  the  NE  ^ 
Sec.  25^  T.  48  N.,  R.  27  W.     The  first  rock  south  of  the  river  is  exposed 
in  a  low  wall  which  rises  just  west  of  the  trail.    (I^o.  11798.)    This  is 
apparently  a  dark  colored,  schistose  greenstone,  standing  nearly  vertical 
and  filled  with  red  granite  fragments  of  all  shapes  and  sizes,  though 
generally  with  well  rounded  outlines.    The  dark  green  matrix  also  con- 
tains much  of  the  red  material  in  a  finely  divided  form,  often  resembling 
sharp  crystals.    The  rock  itself  is  much  brecciated  and  cut  by  cross- 
gashes,  as  if  it  had  been  subjected  to  a  stretching  tension. 

Under  the  microscope  the  dark  green  portion  of  this  rock  is  found  to 
consist  entirely  of  chlorite,  the  scales  of  which  are  arranged  parallel  to 
each  other  and  to  the  cleavage  planes  of  the  mass.  Its  color,  when  free 
from  inclusions,  is  a  clear,  bright  green,  but  it  frequently  contains  con- 
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siderable  black  or  brownish  opaque  material,  which  is  arranged  in  long, 
sinaouB  lines  following  the  foliation.  The  reddish  inolnsions  are  almost 
altogether  orthoclase,  colored  by  a  fine,  unevenly  distnbated,  globn- 
litic  4u8t.  A  striated  feldspar  may  also  be  occasionally  observed*  The 
orthoclase  is  partly  in  sharply  defined  crystals,  but  more  commonly  in 
irregnlar  and  angular  fragments.  These  range  throagh  all  sizes  down 
to  the  most  microscopic  dimensions.  The  smallest  bits  are  locally 
scattered  so  thickly  throagh  the  chlorite  as  to  give  the  rock  a  decid- 
edly clastic  appearance. 

The  chlorite  matrix  is  of  that  peculiar  character  which  we  have 
already  had  occasion  to  notice  as  characteristic  of  stretched  greenstone, 
particularly  in  the  Menominee  Valley  (see  pp.  82, 83,  and  PI.  XI, 
fig.  2).  This  chlorite  mast  have  crystallized  after  the  orthoclase  frag- 
ments had  come  into  their  present  relative  positions,  as  may  be  seen 
from  the  relations  of  its  scales  to  the  feldspar,  and  also  by  the  bending 
around  these  fragments  of  the  sinuous  bands  of  opaque  matter  which 
the  chlorite  sometimes  contains.  We  may  go  even  farther  and  assert 
that  the  chlorite  could  not  have  been  formed  prior  to  the  stretching 
action.  Proof  of  this  is  to  be  tbund  in  the  fact  that  some  of  the  ortho- 
clase inblusions  may  be  plainly  seen  to  have  been  broken  during  this 
process  and  their  fragments  to  have  been  separated  but  a  short  dis- 
tance and  always  in  the  direction  of  the  foliation ;  and  yet  the  same 
eMorite  which  forms  tlis  whole  matrix  fills  these  late  fissures. 

It  is  impossible  to  state  anything  positive  with  reference  to  the  origin 
of  this  chlorite ;  and  still  its  universal  presence  in  the  stretched  green- 
stones would  indicate  that  this  particular  form  of  dynamic  action  upon 
a  mass  of  the  proper  chemical  composition  is,  in  some  way,  neces- 
sary, or  at  least  very  favorable  to  its  production. 

No.  11799,  from  the  same  locality,  is  essentially  like  the  last  speci- 
meu,  except  that  the  included  feldspar  is  lighter  colored  and  perhaps 
more  altered  to  kaolin  or  muscovite.  The  matrix  is  not  so  purely 
chloritic,  but  contains  much  finely  divided  feldspar.  The  stretching 
action  is  here  even  more  apparent,  a  single  feldspar  crystal  being  pulled 
but  to  over  double  its  original  length  and  its  fissures  being  filled  with 
the  same  green  chlorite. 

If  we  trace  this  ridge  farther  south  it  develops  into  a  finer  grained 
and  more  schistose  greenstone,  which  is  free  from  the  larger  granitic 
inclusions  but  is  mottled  with  small  white  spots  (No.  11800).  These  are 
found  upon  closer  examination  to  be  feldspar  crystals.  Under  the 
microscope  this  rock  is  quite  like  those  above  described,  but  it  shows 
much  more  distinctly  the  effects  of  dynamic  action.  The  grain  is  very 
uneven.  In  some  places  the  feldspar  crystals  are  thickly  crowded  and 
are  cemented  by  the  usual  chlorite  in  which  epidote  is  abundant;  in 
other  places  the  matrix  is  a  very  fine  grained  aggregate  of  chlorite, 
sericite,  quartz,  and  feldspar,  containing  considerable  opaque  substance 
and  possessing  a  micro-flaser  structure  produced  by  the  winding  of  its 
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parallel  baii48  about  the  oocasional  feldspar  inclusions.  These  latter 
are  much  pulled  out  in  the  direction  of  the  foliation  and  have  their 
interstices  filled,  sometimes  by  the  chlorite^  but  oftener  still  by  calcite. 
No.  11801  is  a  more  weathered  specimen  of  this  same  rock,  which 
shows  with  great  distinctness  the  spheroidal  parting  described  above 
(see  p.  166).  The  stretching  action  is  here  displayed  by  the  pulling 
out  of  the  spheroids  into  a  system  of  interlocking  lenses,  as  represented 
in  Fig.  27.    Under  the  microscope  this  rock  shows  the  effect  of  theme- 


FxQ.  27— s^heToidal  parting  of  aphwiltio  greeiutane  pro- 
duced by  brecoiationa;  drawn  oat  into  lenses  by  pres- 
sure.   Scale  same  as  in  Fig.  26. 

chanical  action  in  the  extremest  degree.  The  matrix  is  very  schistose 
and  consists  of  a  gray,  indeterminable,  almost  isotropic  mass  in  which 
minute  flakes  of  sericite  are  distinguishable.  The  feldspar  crystals 
are  so  altered  that  they  seem  to  grade  imperceptibly  into  the  matrix, 
leaving  their  original  shapes  but  indistinctly  outlined.  The  dark  green 
chlorite  occurs  only  in  rare  patches. 

No.  11802  is  from  the  interstitial  mass  between  these  lenses.  It  is  a 
finely  fibrous,  felt-like,  sericitic  mass,  in  which  the  scales  are  so  strictly 
parallel  that  the  entire  slide  extinguishes  the  light  between  crossed 
Nicol  prisms  almost  like  a  homogeneous  crystal.  There  are  besides  pres- 
ent only  small  patches  of  a  light  brown,  isotropic  substance,  some  little 
quartz  in  isolated  areas,  and  long  stringers  of  leucoxene,  out  of  which 
minute  but  sharp,  highly  refractive  octahedrons  have  been  developed 
(anatase  t  cf.  Ko.  11130,  p.  131). 

No.  11803,  also  from  this  interstitial  material,  contains  white  feldspar 
crystals  like  the  more  massive  cores.  A  microscopic  examination  shows 
that  this  specimen  is  in  all  respects  identical  with  the  rock  which  it  sur- 
rounds. The  schistose  structure  is  due  to  a  crushing  accompanied  by 
a  tension  in  one  direction.  The  effect  of  this  is  so  striking  on  the  in- 
cluded feldspar  crystals  that  it  has  been  selected  for  illustration.  (PI. 
XIV,  fig.  2.) 

Afber  a  careful  study  of  this  suite  of  rocks,  which  is  distributed  over 
a  considerable  area,  it  is  impossible  to  escape  the  conviction  that 
they  are  of  a  fragmental  character.    Neither  their  structure  nor  their 
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mineral  composition  resembles  that  of  any  known  ernptive  rock  while 
the  sudden  variations  in  grain,  the  irregular  and  angular  shape  of  the 
feldspar  inclusions,  and,  above  all,  the  extreme  differences  in  the  size  of 
even  such  of  these  inclusions  as  lie  side  by  side  can  be  reconciled  only 
with  a  clastic  origin.  Still  these  rocks  do  not  bear  the  stamp  of  true  sed- 
iments, and  the  most  probable  hypothesis  of  their  nature  which  the 
writer  can  offer  is  that  they  are  deposits  of  volcanic  ejectamenta  which 
have  subsequently  been  rendered  schistose  by  dynamic  agencies.  The 
irregular  and  angular  fragments  of  red  granite  must  be  regarded  as 
material  broken  from  off  the  underlying  rock  masses  and  hurled  out  by 
the  violent  explosive  force,  along  with  much  finer  rapilli,  sand,  and 
ashes.  These  rocks  seem  to  agree  very  closely  with  the  agglomerates 
described  by  Mr.  A.  0.  Lawson,  of  the  Canadian  Geological  Survey,  as 
attaining  an  extensive  development  in  the  Lake  of  the  Woods  region. 
These  are  filled  with  angular  fragments  and  have  also  been  subjected 
to  great  pressure.  Mr.  Lawson's  opinion  regarding  the  origin  of  these 
agglomerates  is  the  same  as  that  above  advanced.  ^ 

The  presence,  as  here,  of  the  spheroidal  or  lenticular  parting  in  rock 
of  fragmental  origin  is  sufficient  to  show  that  it  must  be  a  mechanical 
and  not  a  molecular  phenomenon. 

ACn>  BOCKS. 

There  were  no  acid  intrusives  encountered  within  the  Negaunee  green- 
stone area  proper,  nor  do  the  granites  which  skirt  the  northern  edge  of 
this  belt  present  any  points  worthy  of  especial  note. 

Ko.  11790  is  the  granite  in  immediate  contact  with  the  greenstones  at 
the  end  of  the  section  which  was  run  northward  from  Teal  Lake.  It 
was  found  at  the  Johnson  logging  camp  in  Sec.  13,  T.  48  N.,  B.  27  W. 
This  is  a  typical  granitite  in  which  quartz  is  not  very  abundant.  The 
biotite  is  quite  altered  and  bleached.  The  feldspar  is  particularly  dis- 
tinguished by  its  beautiful  zonal  structure,  which  the  incipient  kaoliniza- 
tion  has  brought  out  all  the  more  distinctly.  This  feldspar  shows  the 
effects  of  pressure,  and  in  one  instance  this  can  be  plainly  seen  to  have 
resulted  in  the  production  of  a  microcline  structure.  One  small,  sharp 
crystal  supposed  to  be  orthite  was  observed  in  this  rock.  Apatite  and 
zircon  also  occur,  and  occasionally  a  few  rutile  needles  are  secondarily 
developed  in  the  altered  mica. 

No.  11738  is  from  the  granite  in  contact  with  the  greenstone  just 
north  of  Baldwin's  Kilns.  This  rock  is  completely  crushed,  the  consti^ 
uents  being  in  some  cases  so  pulverized  as  to  give  the  specimen,  when 
seen  under  the  microscope,  almost  the  appearance  of  a  fragmental  de- 
posit. The  mica  is  here  much  altered,  and  among  secondary  products 
has  given  rise  to  an  abundance  of  most  delicate  rutile  needles,  which 
often  form  the  chanicteristic  twins. 

1  Geol.  and  Kat.  Hist  Surrey  of  Canada.    Ann.  Kept  for  1885,  p.  49 ,  CC. 
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Here  may  conveniently  be  recorded  some  observations  made  on  the 

qaartzite  of  the  ridge  which  borders  the  greenstones  on  the  south  in  the 

neighborhood  of  Negaanee.    This  quartzite  mass  is  composed  on  its 

northern  or  lower  side  of  compact,  even  grained,  thinly  laminated 

rocks,  varying  in  color  from  black  tothe  lighter  shades  of  green,  yellow, 

and  drab.    At  one  point,  near  the  northeast  corner  of  Teal  Lake,  these 

have  been  quite  extensively  quarried  as  uovaculites,  although  they  are 

of  a  different  character  from  the  novacnlites  occurring  near  Marquette. 

These  rocks  have  the  usual  east  and  west  strike  and  dip  steeply  to  the 

soath.    These  so-called  novacnlites  are  again  underlaid  by  conformable 

beds  of  a  coarse,  white  quartzite  conglomerate,  which  in  its  turn  is  in 

immediate  contact  with  the  greenstones.    The  best  locality  for  seeJng 

these  contacts  is  on  the  wood  road  leading  northeastward  from  the 

sianghter-house  on  Teal  Lake.    (NW  J  Sec.  31,  T.  48  N.,  R.  26  W.) 

No  11785  is  a  nearly  black  specimen  of  the  novaculite.  Under  the 
microscope  the  fragmental  character  of  this  rock  is  at  once  apparent. 
It  is  composed  of  irregular  quartz  and  altered  feldspar  grains  in  nearly 
equal  proportions.  In  the  finer  cement  biotite  has  abundantly  crystal- 
ized.  An  occasional  zircon  crystal  would  seem  to  indicate  that  the  rock 
is  the  stratified  debris  of  an  old  granite.  The  present  foliation  of  these 
novaculites  is  to  be  regarded  as  a  slaty  cleavage  due  to  pressure,  rather 
than  an  original  stratification. 

The  conglomerate  between  the  novaculite  and  greenstone,  and  form- 
ing the  base  of  the  Huronian  quartzite,  is  composed  of  large  grains 
and  X)ebbles  of  granitic  quartz,  imbedded  in  a  fine,  silky  matrix  of 
sericite.    (Nos.,11787  and  11788.) 

BOCKS  OF  THE  NORTHERN  AREA. 

The  second  point  selected  for  the  examination  of  the  western  portion 
of  the  Marquette  greenstone  belt  is  near  the  center  of  Sec.  9,  T.  48 
N.,  B.  26  W.  Here  a  camp  was  established  and  from  it  were  studied 
the  greenstones  represented  upon  Dr.  Bominger's  map  as  occurring 
north  of  the  Dead  Biver.  The  rocks  within  this  area  present  a  much 
more  varied  character  than  those  of  any  of  the  other  areas  examined. 
Indeed,  although  a  considerable  collection  of  specimens  was  made,  it  is 
not  for  a  moment  supposed  that  all  the  types  of  massive  rocks  which 
occur  in  this  region  were  obtained.  Enough,  however,  will  be  noticed 
to  indicate  the  general  character  of  the  area  and  at  the  same  time  to 
illustrate  the  extreme  variety  offered  by  different,  and  often  nearly 
contiguous,  outcrops. 

In  its  chief  features,  this  area  more  closely  resembles  the  northern 
portion  of  the  belt  near  Marquette,  just  as  the  southern  branch  near 
Negaunee,  as  stated  in  the  preceding  section,  is  more  like  the  south- 
em  Marquette  area.  Still,  the  more  recent  eruptive  rocks  which  pene- 
trate the  banded  green  schists  far  exceed,  both  in  amount  and  variety, 
those  to  be  found  nearer  Marquette. 
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UNALTBRKD  BASIC  IMTRUSIVBS. 

At  the  falls  of  the  Dead  Eiver^  io  the  soathwest  corner  of  Section  9, 
the  '^arenaceous  slate  group"  of  Bominger  is  well  exposed.  This  con- 
sists here  of  thinly  bedded  slates  which  strike  N.  75^  W.  and  stand 
nearly  vertical,  with  perhaps  an  inclination  to  the  south.  The  npper 
part  of  the  fall  is  a  steep  incline  over  the  slates,  but  the  lower  portion 
is  a  clear  fall  of  frofn  twenty-five  to  thirty  feet,  occasioned  by  several 
trap  dikes  which  run  nearly  east  and  west.  These  are  coarse  grained, 
fresh,  and  sometimes  porphyritic. 

No.  11814,  from  one  of  these  dikes,  is  found,  under  the  microscope,  to 
be  a  very  fresh  and  typical  olivine  diabase,  quite  like  that  of  the  great 
dike  on  Lighthouse  Point,  Marquette.  The  structure  is  typically 
ophitic.  The  porphyritic  appearance  is  occasioned,  not  by  single  indi- 
viduals of  feldspai',  but  by  concretionary  aggregates  of  this  mineral. 
The  olivine,  which  frequently  presents  crystal  outlines  of  great  sharp- 
ness, is  sometimes  completely,  sometimes  only  slightly  serpentinized. 

No.  11826  was  collected  from  an  outcrop  beside  the  road  at  the  south- 
west corner  of  Sec.  10,  T.  48  N.,  R.  26  W.  It  has  every  appearance  of 
being  in  place,  but  the  character  of  the  rock,  unknown  elsewhere  in  this 
region,  renders  it  much  more  probable  that  it  is  a  portion  of  a  huge  glacial 
erratic  which  is  nearly  buried  in  the  drift.  Still,  the  petrographical  in- 
terest of  this  rock  makes  it  worthy  of  a  description.  A  close  examina- 
tion shows  it  to  be  an  olivine  gabbro,  perfectly  fresh  and  peculiar  on 
account  of  the  abundance  and  beauty  of  its  olivine.  This  consdtneut 
makes  up  a  large  percentage  of  the  entire  mass.  It  is  present  in  ex- 
tremely sharp  and  well  formed  crystals  from  0.1  to  1"°*  in  diameter. 
These  show  the  usual  hexagonal  cross-sections,  due  to  the  presence  of 
faces  of  the  prismatic  zone  and  doraes.^  No  signs  of  even  incipient 
alteration  are  visible  in  this  olivine.  The  augite  and  triclinic  feldspar 
are  both  allotriomorphic,  and  form  much  larger  individuals  than  the 
idiomorphic  olivine  which  they  inclose.  Magnetite  is  abundant  in 
sharp  octahedral  crystals,  showing  quadratic  sections ;  while  other  ]r« 
regular  areas  of  an  opaque  black  iron  mineral  may  be  ilmenite.  These 
latter  are  often  partially  bordered  by  a  dark  brown  mica.  No  other 
rock  exactly  like  this  is  known  to  me,  but  in  its  general  character  it  is 
allied  to  the  olivine  gabbros  which  play  such  an- important  role  on  the 
north  shore  of  Lake  Superior.* 

ALTKRKD  CCA  USB  GRAIXBD  ROCKS. 

The  coarser  grained  intrusive  rocks,  which  penetrate  the  prevailing 
green  schists  of  the  northern  area,  have,  as  a  rule,  undergone  a  consid- 
erable amount  of  chemical  alteration.  This  has  more  or  less  completely 
replaced  the  original  minerals  by  secondary  products ;  while,  in  some 

<  These  crystalMHliowindicationa  of  twinDinj;,  aa  described  by  Knlkowsky  (Zeitacbr.  Kryst.  u.  Min* 
eral,  vol.  lU,  p.  17)  but  tlieae  tire  not  aM  diatiuct  as  the  aharpneas  of  tbe  crystals  would  lead  ua  to  expect. 
*Cf.  Irving;  Mou.  U.  S.  G«m>1.  Survey,  vol.  5. 
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cases,  it  has  also  obliterated  the  original  straetiire.  Amoug  these 
yoanger  eraptive  greenstones  the  same  two  types  can  be  distinguished 
AS  in  the  Marqnctte  area,  viz,  diorite  and  diabase. 

Diarite — ^os,  11828^and  11829  are  from  an  exposure  thirty  paces  in 
width,  on  the  line  between  Sees.  6  and  8,  T.  48  N.,  K.  26  W.    This  rock 
is  sometimes  parted  into  parallel  plates  so  as  almost  to  resemble  a  slate, 
lu  the  hand-specimen  it  is  seen  to  be  composed  of  rather  large,  well- 
formed  hornblende  crystals,  which  are  often  hollow  at  the  center,  and 
a  reddish  feldspar.    The  microscope  shows  that  the  two  specimens  are 
identical.    The  hornblende  is  idiomorphic,  though  without  terminal 
planes;  the  feldspar,  on  the  other  hand,  is  wholly  allotriomorphic. 
This  latter  mineral  is  almost  free  from  twining  striations,  so  that  the 
rock  were  perhaps  more  properly  termed  a  syenite.     The  hornblende 
preserves  much  of  its  compact  structure  and  brownish  color.     It  is 
frequently  changed  at  the  center  to  a  mass  of  fibrous  needles,  or  even 
to  chlorite,  while  thie  exterior  remains  compact  and  unaltered*.    Apatite 
is  very  abundant;  sphene  and  magnetite  are  not  uncommon. 

ISo.  11817,  from  a  wide  dike  at  the  northwest  comer-post  of  Section 
9,  of  the  same  township,  is  of  the  same  type  as  the  last  specimens,  but 
more  altered.  Macroscopically  tufts  of  hornblende  crystals  may  be 
seen  imbedded  in  a  white  feldspar  substance.  Under  the  microscope 
this  feldspar  appears  to  be  mostly  altered  to  a  brownish  saussurite,  in 
spite  of  which,  however,  traces  of  a  stout  lath-shape  are  discernible. 
The  hornblende  is  much  altered  to  a  fibrous  form.  It  frequently  has 
the  emerald  green  color  of  actinolite,  especially  around  the  outer  edge, 
where  it  is  always  darker  and  more  compact  than  at  the  center.  lime- 
nite,  accompanied  by  leucoxene,  is  abundant  in  the  rock,  tho.ugh  absent 
in  the  two  last  mentioned  specimens.  It  will  be  noticed  that  this  rock 
approaches  much  more  nearly  than  the  others  to  the  diabase  type,  and 
yet  there  is  no  reason  to  believe  that  the  hornblende  is  paramorphic 
after  pyroxene.  Although  it  is  not  compact,  it  still  retains  its  twinning 
structure  as  one  of  its  most  common  features* 

A  still  more  striking  example  of  idiomorphic,  lath-shaped  feldspar 
in  a  diorite  (a  structure  which  Bosenbusch  mentions  as  not  at  all  un- 
common in  rocks  of  this  class^),  is  to  be  found  in  No.  11831.  This  was 
obtained  on  the  line  between  sections  5  and  8,  just  east  of  Nos.  11828, 
11829,  above  described.  It  is  entered  in  the  field-notes  as  a  coarse 
reddish  diorite  or  syenite,  having  long,  green  hornblende  crystals  im- 
bedded in  a  red  feldspar.  On  account  of  its  unstriated  feldspar,  this 
rock  may  perhaps  be  even  more  properly  designated  as  an  amphibolc 
granite,  although  its  structure  is  in  many  respects  peculiar.  (See  PI. 
XVI,  fig.  2.)  The  feldspar  is  present  in  two  distinct  generations. 
The  earliest  of  these  yielded  stoutly  lath-shaped  crystals,  which  are 
wholly  idiomorphic.  These  are  mostly  unstriated,  but  have  a  zonal 
structure.     They  are  internally  changed  to  a  grayish  mass,  which  a 

1  Mikros.  Physiog.,  2d  ed.,  vol.  2,  p.  121. 
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high  magnifying  power  shows  to  be  mascovite  or  kaolin,  while  their 
periphery  is  composed  of  clear  and  fresh  feldspar  substance.  Between 
these  feldspar  crystals  is  a  granular  aggregate  of  qnariz  and  a  younger 
feldspar.  This  latter  mineral  is  also  unstriated  (though  sometimes 
possessed  of  the  gridiron  microcline  structure)  and  much  fresher  than 
the  older  feldspar.  With  the  quartz  it  frequently  forms  beautiful 
micropegmatitic  growths; 

Hornblende  was  most  probably  the  original  bisilicate  constituent  of 
this  rock,  but  it  has  undergone  an  unusual  alteration,  i.  e.,  the  altera- 
tion to  mica.  This  mineral  can  be  seen  under  the  microscope  in  brown 
areas  of  irregular  shape,  which  have  evidently  been  produced  at  the 
expense  of  the  hornblende.^  They  are  unevenly  colored,'  being  a 
darker  brown  in  some  places  than  in  others.  In  some  cases  the  new 
mica  crystallizes  in  sharply  defined  hexagonal  plates.  Certain  of  these, 
which  on  optical  examination  prove  to  be  basal  sections,  show  cleav- 
age lines  parallel  to  the  prismatic  faces.  These  are  the  so-called 
pressure  figures  (^^Drucklinien"  of  the  German  mineralogists),  which 
are  rarely  visible  in  microscopical  sections  and  are  strongly  indicative 
of  |)ressure. 

This  secondary  mica  to  a  considerable  extent  has  turned  green  by  a 
reduction  of  its  iron  to  a  ferrous  state.  More  rarely  the  alteration  has 
progressed  still  further,  resulting  in  complete  bleaching,  or  even  the 
production  of  chlorite.  Apatite  is  very  abundant  in  this  rock;  sphene 
is  also  common,  but  its  crystals  always  surround  ilmenite  grains  in 
such  a  manner  as  to  suggest  that  the  titanite  has  resulte<l  from  its 
alteration  (see  PI.  XYI,  fig.  2).  Ohlorite  also  frequently  surrounds 
the  opaqu,e  iron  mineral. 

Of  all  the  remarkable  features  which  this  rock  presents,  perhaps 
none  is  more  striking  than  its  hypidiomorphic  structure  and  the 
presence  of  the  feldspar  in  two  distinct  genersjitions  without  the  pro- 
duction thereby  of  a  porphyritic  structure.  This  is  all  the  more  note- 
worthy in  a  rock  which  from  its  mineralogioal  composition  is  to  be 
strictly  classed  among  the  granites. 

No.  11832,  which  occurs  with  the  specimen  last  described,  appears 
to  the  unaided  eye  as  a  compact,  fine  grained  mass  through  which 
large  glistening  hornblende  crystals  are  unevenly  distributed.-  Under 
the  microscope  the  groundmass  of  this  rock  is  seen  to  be  composed  of 
lath-shaped  feldspar  crystals,  which  are  altered  sometimes  to  epidote, 
sometimes  to  sericite;  allotriomorphic  hornblende,  frequently  changed 
to  chlorite:  a  little  quartz  and  magnetite  in  grains  and  crystals. 
The  sharp  quadratic  and  hexagonal  sections  are  sufficient  to  iden- 
tify this  species;  but  we  must  assume  that  it  is  a  titaniferous 
magnetite  on  account  of  the  very  narrow  leucoxene  border  which 


iRosenlmsch  nicntion»  only  parallel  growths  of  hornblondo  and  biotite.  The  pre8ent  instaxiYse  can 
hardly  be  ao  interpreted,  whilo  there  is  nothing  gurprising  in  an  alteration  which  has  been  so  fre^ 
qnently  observed.    (Cf.  J.  Roth:  AUgemeine  und  chemisohe  Geologic,  vol.  1,  p.  338,  1879.) 
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frequently  sarrooDds  it  The  porphyritic  hornblende  of  this  rock  is 
sometimes  regular,  sometimes  irregular  in  outline.  It  is  a  later  crys- 
tallization than  the  groundmass,  because  it  is  always  filled  with  the 
lath-shaped  feldspars.  This  produces  the  structure  which  I  have 
recently  termed  ''  poicilitic/'  ^  and  which  is  characteristic  of  younger 
porphyritic  crystals,  especially  hornblende  and  pyroxene. 

No.  11834,  from  a  ledge  640  steps  north  and  20  steps  west  of  the  south- 
west  corner  of  Sec.  4,  T.  48  N.,  U.  26  W.,  is  composed  of  stout,  lath-shaped 
feldspar  crystals  and  large  individuals  of  fibrous  hornblende.  The  for- 
mer mineral  suggests  by  its  form  that  the  rock  was  once  a  diabase;  the 
hornblende,  however,  is  not  allotriomorphic,  bat  is  present  in  long,  col- 
umnar cfystals,  which  are  generally  twinned.  One  of  these  crystals  is 
bent  in  the  most  nnaocountable  manner.  It  forms  three-quarters  of  a 
circle  (see  Fig.  28),  but  no  satisfactory  explanation  can  be  offered  for 
this  unusual  shape. 

On  the  whole,  this  rock  is  consid- 
erably altered.  Epidote  and  horn- 
blende needles  are  developed  in  its 
feldspar,  while  secondary  quartz  is 
quite  abundant.  In  spite  of  the 
fibrous  character  of  its  hornblende, 
the  structure  of  this  rock  is  much 
more  suggestive  of  a  diorite  than  qf 
a  diabase. 

IHabiise. — Among  the  altered  in- 
trusive rocks,  those  which  represent 
the  diabase  type  are  all  uralite  dia- 
bases. In  none  was  any  trace  of  the 
original  augite  observed. 

In  No.  11827,  from  485  steps  west  of  the  southeast  corner  of  Section 
5,  the  structure  is  best  preserved.  Here  the  fibrous  and  in  part  bright 
emerald  green  hornbleude  retains  exactly  the  allotriomorphic  form  of 
the  diabase  augite.  The  feldspar  is  largely  altered  to  a  brown,  opaque 
saussurite,  and  leucoxene  has  replaced  the  ilmenite. 

No.  11837,  from  815  steps  north  of  the  southwest  corner  of  Section 
4;  No.  11848,  from  500  steps  west  of  the  southeast  corner  of  Sec.  10, 
T.  48  N.,  B.  26  W.,  are  both  much  more  altered  than  the  specimen  last 
mentioned.  The  ophitic  structure  is  best  preserved  in  the  latter, 
although  epidote  is  abundantly  developed,  while  it  is  altogether  want- 
ing in  the  former. 

Other  of  these  uralite  diabases  are  finer  grained. 

No.  11825,  from  a  somewhat  schistose  greenstone  ridge,  exposed  near 
the  center  of  the  southwest  quarter  of  Section  10,  admirably  exhibits 
the  effects  of  crushing.    The  lath-shaped  plagioclase  crystals  are  still 

1  Am.  Jour.  Sci.,  3d  neries,  vol.  31,  1886,  p.  30. 


Fig.  28.^B«iit  hornblende  crystal.      Green- 
atone  No.  11834.    Mftgnifled  30  diameters. 
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woDderfally  fresh,  but  are  broken,  faulted,  and  palled  apart,  while  their 
interstices  are  filled  with  the  secondary  chlorite  nsnal  in  stretched 
rocks.  There  is  a  delicate  granophyre  or  micropegmatite  strnotnre  in 
this  specimen — undoubtedly  an  original  feature,  as  in  No.  11675  (see 
p.  140).  The  pyroxene  is  wholly  changed  to  a  pale  green,  fibrous  horn, 
blende,  which,  to  a  considerable  degree,  produces  the  foliation.  Large 
areas  of  brown  leucoxene,  of  the  variety  most  characteristic  of  altered 
diabase,  are  also  drawn  out  in  the  direction  of  the  schistose  structure. 
In  one  instance  this  has  altered  to  a  network  of  dark  rutile  needles 
imbedded  in  a  yellowish  micaceous  mineral,  as  described  in  ^o.  11070 
(see  p.  99,  and  Plate  XIII,  fig.  2). 

Ko.  11830,  from  700  hundred  steps  west  of  the  southeast  *comer  of 
section  5,  is  a  very  typical  uralite  diabase.  The  structure  is  still  well 
preserved  by  the  feldspars,  in  spite  of  needles  of  the  fibrous  hornblende 
having  freely  wandered  into  them.  Traces  of  atigite  cores  remain  in 
this  rock. 

Ko.  11835  is  a  schistose  rock  from  640  steps  north  and  20  west  of  the 
southeast  corner  of  Section  5.  It  has  been  much  altered,  and  now  con- 
sists mainly  of  a  fine  aggregate  of  fibrous  hornblende,  feldspar,  quartz 
and  calcite.  In  this  lie  large  porphyritic  crystals  of  hornblende  which 
are  wholly  altered,  especially  in  their  interior. 

BANDED  GRESNSTONBS. 

Striped  and  banded  greenstone  schists,  like  those  of  Lighthouse  Point, 
Marquette,  are  very  abundant  in  the  northern  area. 

Ko.  11856,  from  an  exposure  near  the  northeast  comer  of  Section  9,  is 
macroscopically  identical  with  the  Marquette  rocks.  Under  the  micro- 
scope it  would  be  designated  as  a  hornblende  schist.  It  consists  of  mi- 
nute crystalloids  of  compact  green  hornblende,  together  with  feldspar 
which  is  mostly  changed  to  sericite.  Zoisite  in  crystalloids,  like  those 
represented  in  Fig.  2,  p.  27,  and  about  the  size  of  the  hornblende,  is 
also  present.  The  structure  of  this  rock  is  schistose,  caused  by  the 
parallel  arrangement  of  all  the  constituents. 

Other  banded  greenstones  from  this  region,  like  No.  11818,  from  near 
the  southeast  corner  of  Section  5 ;  11821^  850  steps  north  of  the  south- 
west corner  of  Section  4 ;  11839, 170  steps  south  of  west  quarter  post  of 
section  4,  and  11841,  180  steps  north  of  the  same  quarter  post,  are 
essentially  like  the  specimen  just  described — mostly  a  mass  of  con- 
fused hornblende  fibers  with  more  or  less  feldspathic  substance,  quartz, 
and  chlorite.  The  relative  proportions  of  these  components  condition 
their  difierent  colors  and  cause  the  parallel  striping. 

These  rocks  are  so  similar  to  those  occurring  immediately  north  of 
Marquette,  that  we  must  apply  to  them  the  conclusion  already  ex- 
pressed (p.  158)  in  regard  to  the  origin  of  these  green  schists,  and  regf^rd 
them  as  basic  tuff  deposits,  which  were  contemporaneous  with  snrlace 
flows  of  diabase  and  subsequently  profoundly  metamorphosed. 
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GBEEN  SCHISTS  AND  AaGLOMBUATES  OF   DEER   LAKE. 

After  the  work  on  this  paper  was  practically  completed,  my  atten- 
tion was  called  bj  Prof.  Irving  to  a  group  of  greenstone  schists  and 
conglomeratic  rocks  which  lie  in  the  western  extension  of  the  southern 
branch  of  the  Mai:qnette  greenstone-schist  belt.  I  was  unable  to  study 
and  collect  these*  rocks  in  the  field,  but  Prof.  Irving  furnished  me 
with  notes  regarding  their  distribution  and  mode  of  occurrence,  together 
with  a  suite  of  hand-specimens  and  thin  sections  for  laboratory  study. 
I  incorporate  the  resnlts  of  such  a  study  in  this  place  the  more  will- 
ingly because  the  occurrence  of  these  rocks  does  not  in  the  least  differ 
from  that  of  others  closely  allied  to  them,  which  I  carefully  exam- 
ined in  the  neighborhood  of  Negaunee.  The  distinct  evidence,  more- 
over, which  these  rocks  afford  as  to  their  mode  of  origin  is  of  great 
value  in  confirming  the  conclusions  already  reached  in  regard  to  cer- 
tain other  analogous,  though  less  distinctly  characterized,  occurrences. 

These  peculiar  rocks  are  best  exposed  on  the  south  side  of  Deer  Lake 
in  Sees.  33  and  34,  T.  48  K,  E.  27  W.,  Michigan,  but  they  may  also  be 
advantageously  seen  farther  to  the  northwest,  in  Sees.  20, 21, 29,  and  30 
of  the  same  township. 

The  following  field-notes  were  furnished  me  by  Prof.  Irving : 

On  the  road  goin^  northward  ^  from  Ishpeming  to  Deer  Lake  furnace  a  belt  of 
qaartzite  dipping  southward  is  crossed  in  the  middle  of  Section  34.  Immediately 
north  ol  this  qnartzite  follows  a  porphyritic  greenstone  of  tolerably  fresh  aspect. 
This  is  exposed  on  the  south  side  of  the  two  knobs,  which,  on  Dr.  Rominger's  map, 
lie  to  the  southward  of  Deer  Lake,  to  the  east  of  the  Carp  River^  and  to  t^te  north  of 
the  road.  To  the  northward  of  this  greenstone  succeed  first  some  greenish  schistose 
rocks  without  apparent  agglomeratic  character.  These  are  represented  by  No.  12057. 
These  schists  soon  grade,  however,  both  across  the  strike  toward  the  north  and  in 
the  coarse  of  the  strike  toward  the  west,  into  a  most  strikingly  conglomeratic  rook, 
which  appears  to  make  up  about  all  the  hills  in  the  northern  half  of  Section  33,  be- 
tween the  quartzite  and  the  road  leading  to  the  Ropes  mine. 

Specimen  No.  12058  is  an  obscurely  conglomeratic  rock,  collected  about  150  steps 
north  of  No.  12057.  The  cdnglomeratic  character  is  best  seen  on  a  weathered  sur- 
face. A  particularly  fine  exposure  may  be  seen  just  west  of  Deer  Lake  furnace 
(No.  12031). 

Specimens  No.  12029  are  pebbles  from  a  bold  knob  somewhat  farther  to  the  west. 
From  the  same  point  came  Nos.  12023  and  12024,  representing  the  conglomerate 
itself;  and  Nos.  12025  and  12026,  from  two  dikes  two  and  one-half  and  ten  feet  wide 
respectively.  The  smaller  of  these  dikes  cuts  the  conglomerate  in  a  direction  trans' 
verse  to  its  foliation,  while  the  larger  runs  parallel  to  this  structure. 

Throughout  the  conglomerate  there  is  a  tendency  to  schistose  structure,  which, 
however,  is  never  very  pronounced,  and  which  varies  considerably  in  its  degree  of 
development.  It  seems  to  be  rather  the  result  of  the  intersection  of  close  joints  cut- 
ting each  other  at  a  small  angle  than  a  true  parallelism  of  structure.  This  foliation 
stards  about  vertical  and  trends  in  an  eastern  and  western  direction. 

The  pebbles  vary  in  size  from  such  as  are  two  feet  in  diameter  down  to  minute 
fragments.  Pieces  less  than  six  inches  in  length  are  most  abundant.  Occasionally 
they  appear  well  rounded,  and  this  seems  to  be  more  particularly  the  case  with  the 
larger  sized  pieces ;  but  more  commonly  they  are  sub-angular  and  flattened  out  in  a 
direction  parallel  to  the  schistose  structure.    On  an  exposed  surface  these  pebbles 
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stand  out  by  virtue  of  their  whiter  weathering.  On  a  fresh  fractnre  they  are  not 
nearly  bo  apparent,  hut  seem  to  differ  from  the  rest  of  the  rock  by  their  finer  grain 
and  by  their  pinkish  or  greenish  color ;  the  body  of  the  rock  having  usually  a  dark 
greenish  gray  tint. 

No  other  kinds  of  pebbles  were  seen  than  those  shown  in  the  samples,  which  repre- 
sent perhaps  two  phases :  (1)  A  pinkish  weathering  felsitic  (?)  kind,  and  (2)  a  grayish 
weathering  greenish  and  more  schistose  kind.  But  this  distinction,  written  on  the 
ground,  seems  hardly  to  be  b6me  out  by  the  specimens  brought  away.  Certainly 
those  of  the  first  named  kind  are  more  abundant. 

Occasional  schistose  bands  a  few  feet  in  width  and  quite  free  from  pebbles  may  be 
seen  in  the  conglomerate,  trending  east  and  west.  These,  therefore,  stand  at  a  con- 
siderable angle  with  the  schistose  structure.  They  are  the  only  signs  of  a  true  bed- 
ding in  the  rock,  and  if  they  do  actually  indicate  a  bedding  are  of  very  great  im- 
portance, both  as  showing  a  discordance  between  the  bedding  and  sohistosity  and 
also  a  nonconformity  between  these  and  the  true  bedded  rocks  lying  just  to  the 
south.  Indeed,  neither  these  doubtful  bedding  bands  nor  the  schistose  structure 
perceptible  in  this  conglomerate  is  concordant  with  the  dip  of  the  quartzite,  which 
is  toward  the  south  at  a  moderate  angle. 

North  of  the  road  leading  to  the  Ropes  mine  the  only  rock  noticed,  for  a  short 
distance,  is  represented  by  No.  12032,  which  does  not  show  any  conglomeratic  struct- 
ure, but  which  on  the  ground  appeared  very  much  like  the  pebbles  in  the  conglom- 
erate further  south. 

Still  farther  north,  in  the  same  township  (T.  48  N.,  R.  27  W.),  as,  for  instance,  in 
the  middle  and  eastern  part  of  Section  21,  and  again  in  the  southwest  quarter  of  Sec- 
tion 20,  and  in  the  northwest  quarter  of  Section  29,  to  the  north  of  Dr.  Rominger's 
serpentine  area  (peridotite  area  uf  Plate  I,  herewith)  are  other  very  similar  rooks. 
Specimens  130*J6,  12037,  and  12039  are  from  theSW  iof  SW  i  Sec.  20,  while  No.  12043 
is  from  the  NW  ^  Sec.  29.  Among  \he  exposures  from  which  this  last  specimen 
was  taken  are  some  which  seem  to  show  the  conglomeratic  character  of  the  Deer 
Lake  rocks.  It  is  not  positive,  however,  that  the  obscure  markings  which  they 
show  are  Really  those  of  pebbles. 

Both  the  macroscopical  and  the  microscopical  examination  of  these 
specimens  show  that  they  have  been  sabjected^to  an  intense  strain  or 
stretching,  which  has  resulted  in  the  elongation  of  the  component  peb- 
bles, and  in  the  modification  and  partial  recrystallization  of  the  matrix, 
after  the  manner  shown  in  PL  XI,  fig.  2,  and  in  PL  XIV,  fig.  2.  Nev- 
ertheless, the  metamorphism  attendant  upon  this  dynamic  action  fortu- 
nately has  not  been  sufficient  entirely  to  disguise  the  tuff  nature  of  the 
rock.  In  most  cases  this  is  still  very  apparent,  and  this  occurrence  is 
therefore  of  great  importance  in  confirming  the  conclusions  rea<;hed  with 
regard  to  analogous,  but  more  metamorphosed  rocks,  in  the  Marquette 
and  Negaunee  areas. 

We  must  regard  these  tuffs  or  agglomerates  as  originally  composed 
of  the  fine  fragmental  material  of  diabase.  This  consisted  mainly  of 
triclinic  feldspar  and  pyroxene,  mingled  with  more  or  less  amorphous 
base,  and  stratified  either  by  gravity  or  by  the  agency  of  water.  In- 
cluded in  such  a  matrix  were  numerous  true  bombs  of  solid  diabase  and 
ejected  fragments  of  other  rocks,  mostly  of  a  more  acid  character. 

As  is  well  known,  material  of  this  kind  is  of  all  the  most  liable  to  un- 
dergo chemical  alteration.  This  has  been  conclusfv'ely  shown  by  the 
observations  of  Captain  Dutton,  quoted  above  (p.  159).  In  consideration 
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of  the  great  antiquity  of  the  deposits  here  under  discussion,  therefore  it 
need  excite  no  wonder  that  little  of  the  original  material  now  remains. 
The  rocks  are  larfjely  composed  of  such  secondary  products  as  chlorite, 
sericite,  epidote,  quartz,  and  calcite.  All  traces  of  original  pyroxene, 
or  of  possible  olivine  and  glass,  have  wholly  disappeared.  The  feldspar 
has,  however,  better  retained  its  individuality.  In  some  instances  its 
substance  is  still  quite  fre^h ;  and  in  others,  where  the  substance  is 
changed,  the  form  is  still  easily  recognizable.  The  same  class  of  altera- 
tions has  gone  on  in  the  solid  portions  of  the  agglomerates  as  in  the 
finely  fragmentai  matrix.  The  more  basic  fragments  produce  chloritic, 
the  more  acid  sericitic,  areas.  Their  original  boundaries  are,  however, 
for  the  most  part,  very  distinct,  often  more  so  in  the  field,  or  in  the 
hand-specimen,  than  under  the  microscope.  Where  the  dynamic  action 
has  been  most  intense  a  schistose  structure  has  been  developed  in  the 
fragments,  which  is  quite  continuous  with  that  of  the  finer  grained  ma- 
trix.  This  is  accompanied  by  a  distortion  or  elongation  of  the  in- 
dnded  fragments,  caused  by  crushing  and  recementiug,  whereby  the 
sharpness  of  their  outline  is  destroyed,  and  an  apparent  transition  to 
the  matrix  is  produced. 

Specimen  No.  12057,  described  in  the  notes  as  ''a  greenish  schistose 
rock  without  apparent  agglomeratic  character,"  appears  under  the  micro- 
scope at  first,  glance  as  a  confused  aggregate  of  chlorite,  calcite,  and 
quartz,  through  which  occasional  large  grains  of  yellowish  green 
epidote  are  scattered.  Characteristic  forms  of  ilmenite,  with  leucoxene, 
some  sericite,  and  delicate  little  rutile  needles  are  also  present.  A 
more  careful  study  of  this  section  reveals  the  indistinct  outlines  of  lath- 
shaped  feldspars,  which  once  formed  the  interlacing  network  of  a 
granular  diabase.  These  are  so  disguised  by  the  new  products  devel- 
oi>ed  in  them — chlorite,  sericite,  and  epidote — that  it  is  onl^^  by  an 
attentive  examination  with  a  low  magnifying  power  that  they  can  be 
recognized.  They  are,  however,  undoubtedly?  present,  and  the  rock 
must  therefore  be  regarded,  not  as  a  tuff,  but  as  an  extremely  metamor- 
phosed form  of  a  massive  flow,  in  which  the  profound  chemical  changes 
and  the  development  of  a  schistose  structure  progressed  together. 

'Specimen  !N^o.  12058,  "an  obscurely  conglomeratic  rock  collected 
about  150  steps  north  of  the  locality  of  No.  12057,''  bears  in  the  hand- 
8i>ecimen  a  close  resemblance  to  the  one  last  described,  but  under  the 
microscope  its  difi'erent  character  is  at  once  apparent.  The  feldspar 
jsnbstance  is  here  less  altered,  and  the  rock  is  mostly  composed  of 
minute  crystals  or  fragments  of  crystals  connected  by  that  peculiar 
aggregate  of  chlorite  scales  common  in  stretched  basic  rocks,  where  the 
direction  of  the  scales  follows  the  schistose  structure.  (See  PI.  XI, 
hg,  2.)  Occasional  larger  fragments  of  feldspar  crystals  are  scattered 
through  this  finer  mass,  but  these  are  always  broken  and  irregular  in 
shape.  The  chlorftic  substance  has  doubtless  originated  from  the  py- 
roxene  or  glass,  while  a  vast  number  of  the  most  delicate  little  rutile 
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needles,  arranged  in  long,  sinuoas  bands,  appears  to  represent  the 
original  ilmenite.  Calcite  areas  also  occur.  A  narrow  white  vein 
which  traverses  this  hand-specimen  possesses  an  interesting  micro- 
scopic structure.  The  little  fissure  was  first  coated  with  chalcedonic 
quartz,  and  then  with  a  layer  of  quartz  crystals  which  projected  their 
terminations  into  the  opening.  These  possess  a  perfect  zonal  structure, 
due  to  the  arrangement  in  successive  layers  of  fluid  inclusions.  The 
remainder  of  the  space  was  subsequently  filled  with  carbonate. 

Specimen  Ko.  12031,  from  a  point  a  short  distance  west  of  where  the 
last  mentioned  pieces  were  collected,  and  "Sos.  12023;  12024, 12029,  and 
12030,  from  another  point  still  farther  west,  represent  the  agglomerate 
in  its  most  typical  development,  and  leave  no  doubt  as  to  its  true 
nature  and  origin.  As  in  the  specimens  last  mentioned,  the  matrix  of 
the  rock  is  of  a  grayish  green  color  and  the  grain  is  mostly  aphanitic, 
although  frequent  minute  angular  fragments  may  be  detected  by  the 
aid  of  a  pocket  lens.  There  is  always  a  more  or  less  pronounced  folia- 
tion developed  in  this  matrix.  The  pebbles,  which  impart  to  the  rock 
its  agglomeratic  structure,  show  most  distinctly  on  a  weathered  sur- 
face. Here  they  present  a  white  or  pinkish  gray  color,  which** contrasts 
most  sharply  with  the  pale  green  of  the  inclosing  matri'X.  On  a  fresh 
fracture  the  inclusions  have  a  greenish  gray  color,  but  their  compact, 
fine  grain,  like  that  of  halleflinta,  serves  to  identify  them  where  the 
color  fails.  These  massive  felsitic  fragments  are  of  varying  size  and 
angular  or  subanguiar  in  shape  (rarely  well  rounded).  They  are  dis- 
tributed through  the  matrix  indiscriminately,  the  longest  axes  being  by 
no  means  parallel,  as  we  might  expect  in  a  sediment.  The  foliation  of 
the  rock  appears  to  have  been  produced  by  a  great  tension,  which  has 
stretched  the  matrix  and  sometimes  elongated  the  pebbles,  sometimes 
broken  them,  and  sometimes  forcibly  torn  the  solidified  matrix  away 
from  them.    The  latter  case  is  represented  in  Fig.  29,  which  represents 


Flu.  20.— WeuthotcU  aurface  or  a  specimen  of  the  I)eer  Lake  agglomerate. 

Natural  size.    ^o.  12023. 

the  appearance  of  a  weathered  surface  on  specimen  No.  12023.  It  can 
here  be  x)lainly  seen  that  the  longest  axes  of  the  pebbles  stand  almost 
at  right  angles  and  that  the  matrix  has  been  forcibly  separated  by  the 
stretching  action,  on  each  side  of  the  central  pebble. 
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Tiie  microscopical  stady  of  these  specimens  adds  much  to  oar  knowl- 
edge of  the  trae  structure  of  these  agglomeratic  rocks. 

The  matrix  is  found  to  be  composed  of  very  angular  to  subangular 
fragments,  extending  down  to  the  minutest  size.  These  generally  still 
retain  their  form,  although  their  original  substance  has  undergone 
change  to  chlorite,  epidote,  and  calcite.  Small  feldspar  crystals  or 
broken  fragments  of  larger  ones  are  scattered  about,  the  substance  of 
which  has  been  altet^  in  varying  degree.  In  the  chlorite  especially, 
very  sharp  rutile  needled  abound.  These  seem  to  represent  the  titan- 
ium of  an  original  ilmenite. 

Unmistakable  evidence  of  clastic  structure  is  everywhere  encount- 
ered ;  but  this  is  not  the  clastic  structure  of  a  sediment.  The  angular 
shape,  different  substance,  and  enormous  variation  in  the  size  of  frag- 
ments lying  side  by  side,  all  clearly  indicate  an  agglomeration  of  vol- 
canic detritus — and  one,  indeed,  in  which  many  of  the  original  features 
are  admirably  preserved. 

Among  the  smallest  of  the  included  fragments,  those  resembling  a 
massive  diabase  in  structure  are  not  uncommon ;  but  to  judge  from 
the  statement  in  the  field  notes  quoted  above,  as  well  as  from  the 
hand-specimens  submitted  to  me  for  study,  the  larger  **  pebbles "  or 
firagments  are  mostly  composed  of  the  lighter  and  felsitic  rock.  This  is 
unfortunately  too  much  altered  to  allow  of  a  wholly  satisfactory  diag- 
nosis. It  may  be  best  seen  in  section  No.  12023,  where  it  l^sembles  a 
porphyrite.  The  grouudmass  still  retains  its  ophitic  structure,  and 
is  filled  with  well  formed  porphyritic  crystals  of  plagioclase.  No 
original  quartz  nor  ortlioclase  could  be  detected  ;  one  or  two  chloritic 
areas,  which  must  probably  represent  former  augite  or  hornblende 
l^rystals,  were,  howeVer,  observed. 

*  Specimen  No.  12025  represents  a  narrow,  transverse  dike  o^  massive 
greenstone,  and  No.  12026  a  broader  one  of  the  same  material,  parallel 
<o  the  schistose  foliation.  Under  the  microscope  both  are  typical, 
'though  highly  altered  diabases.  The  former  is  aphanitic  and  has 
'  only  a  very  indistinct  foliation  in  the  hand-specimen.  Under  the 
microscope  the  original  structure  is  nearly  obliterated;  f<till,  traces  of 
it  remain.  Chlorite,  calcite,  quartz,  and  iron  oxide  are  almost  the  only 
mineral  components. 

The  second,  coarse  grained  diabase,  is  entirely  massive  in  the  hand- 
specimen.  It  has  an  even  green  color,  but  cleavage  surfaces  of  feld- 
spar are  frequent.  Pyrite  is  also  common  in  it.  Under  the  microscope 
the  typical  diabase  structure  is  perfectly  preserved.  The  texture  is 
quite  coarse,  and  the  feldspars  mostly  retain  their  twinning  structure. 
The  rock  has  been  stretched,  and  these  feldspars  are  much  broken  and 
have  their  fragments  separated.  The  pyroxene  is  wholly  altered  to 
chlorite,  epidote,  and  calcite,  and  the  ilmenite  is  accompanied  by 
lencoxene. 

The  rock  occurring  north  of  the  road  leading  to  the  Ropes  mine  and 
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directly  west  of  Deer  Lake,  is  devoid  of  conglomeratic  stracture. 
(No.  12032.)  In  the  field  it  was  noted  to  have  a  resemblance  to  the 
substance  of  the  larger  '^  pebbles,"  and  this  resemblance,  to  a  certain 
extent,  is  borne  oat  by  the  microscopical  examination.  The  rock  ap- 
pears to  be  massive,  and  not  a  taff ;  but  it  has  been  subjected  to  in- 
tense crushing  and  stretching  action.  It  is  full  of  porphyritic  crystals, 
which  are  mostly  altered  to  muscovite.  The  groundmass  is  principally 
composed  of  small  rectangular  feldspar  crystals.  All,  however,  are 
much  broken  and  separated,  and  the  interstices  are  filled  with  green 
chlorite  scales.  The  main  difference  between  this  rock  and  that  form- 
ing the  compact  felsitic  pebbles  in  the  agglomerate  lies  in  the  apparent 
orthoclastic  nature  of  the  porphyritic  feldspar  crystals,  and  in  the 
chlorite  which  has  been  so  abundantly  developed  in  the  groundmass. 

The  specimens  from  the  more  northerly  areas,  numbered  12036, 
12037,  12039,  and  12043,  belong  to  the  same  category  as  those  just 
described.  No.  120<  »6  is  a  confused  aggregate  of  feldspar  fragments  of 
various  sizes,  together  with  some  quartz  and  chlorite.  Nos.  12039  and 
12043  are  almost  too  much  altered  to  allow  of  any  study.  The  former 
is  a  mass  of  nearly  opaque  decomposition  products,  and  the  latter  is  an 
almost  continuous  mat  of  sericite  scales.  No.  12037  alone  appears  like 
a  massive  rock— most  probably  a  fragment  included  in  the  tuff.  It  is 
a  hornblende  granite,  with  but  little  quartz,  composed  principally  of 
idiomorphicf  feldspar.  The  minute  green  hornblende  needles  fill  the 
interstices  between  these  square  or  rectangular  crystals. 

We  may,  therefore,  consider  the  pyroclastic*  nature  of  the  Deer  Lake 
conglomerates  as  beyond  any  question.  They  represent  volcanic  de- 
tritus, ejected  by  an  explosive  force  at  the  earth's  surface.  In  this  way 
they  form,  a  most  welcome  but  not  unexpected  support  to  the  con- 
clusions reached  in  regard  to  the  other  more  highly  altered  rocks  of 
the  same  class  occurring  in  the  Marquette  region. 

The  term  "agglomerate"  here  applied  to  these  rocks  is  one  in  gen- 
eral usage  among  the  English  geologists  *'  to  designate  a  tumultuous 
assemblage  of  volcanic  ejectamenta — bombs,  foreign  blocks,  etc.,  of  all 
sizes  and  shapes,  cemented  by  a  fine  grained  paste  of  volcanic  ash. 

The  closest  analogues  to  the  Deer  Lake  rocks  are  the  breccias,  ag- 
glomerates, and  tuffs,  described  by  Dr.  A.  Geikie  from  St.  David's,  in 
Wales.^    This  author  says,  p.  93 : 

The  rocks  of  St.  David's  present  features  of  interest  and  importance,  not  only  in 
the  palaaozoic  history  of  Britain,  but  in  regard  to  general  theoretical  questions. 
They  include,  for  example,  perhaps  the  oldest  group  of  lavas  and  tufiis,  the  relative 
date  of  which  is  known.  They  have  been  subjected  to  a  process  of  metamorphism 
which  has  affected  only  certain  beds  or  kinds  of  rock.  They  have  been  penetrated 
by  masses  of  granite  and  quartz  porphyry,  around  which  another  kind  of  metamor- 
phism has  been  manifested.  At  a  later  period  they  have  beeu  injected  with  diabase 
dikes,  etc. 

'  J.J.  H.  Teall,  Geol.  Ma^.,  London,  3d  Aerie8,  vol.  4,  November,  1887,  p.  493. 

»Cf.    J  A.  Phillips,  Quart.  Jour.  Geol.  Soc,  vol.  24, 1878,  p.  476,  and  A.  Geikio  Text-Book  of  Geology, 
1882,  p.  163. 
*  Quart.  Jour.  Geol.  Soc,  London,  toI.  39, 1883. 
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All  this  might  have  been  written  to  apply  equally  well  to  the  rocks 
occurriD^  near  Marquette. 

With  special  reference  to  the  tuffs,  Dr.  Geikie  says  :^ 

Thev  vary  likewise  in  textare  from  somewhat  noarse  breccias  or  agfclomerates, 
throDgb  many  gradations,  into  fine  silky  schists  in  which  the  tufaceons  character  ia 
almoHt  lost.  Generally  thoy  are  distinctly  granular,  presenting  to  the  naked  eye 
abundant  angular  and  subanglar  lapilli,  among  fvhich  broken  crystals  of  a  white, 
somewhat  kaoliuized  feldspar  and  fragments  of  fiue  grained  felsite  are  often  oon- 
spicnons. 

The  matrix  of  these  Welsh  agglomeraties  appears  to  be  generally 
green,  while  the  included  lapilli  or  *'  pebbles^  are  sometimes  basic  in 
character  and  of  a  greenish  color ;  sometimes  more  aq^d,  with  a  com- 
pact structure  and  pinkish  color. 

Their  resemblance  is  thus  seen  to  be  very  close  to  the  Deer  Lake 
agglomerates  described  in  this  chapter. 


*  Quart  Joor.  Geol.  Soo.  Londoo,  vol.  39,  p.  295. 


CHAPTER  VI. 

GENERAL  RESULTS  AND  CONCLUSIONS. 

4 

ORIGINAL  GHABAGTEB  OF  THE  MBNOMINEE  AND  MARQUETTE  GREEN- 
STONE AREAS. 

In  speaking  of  the  geology  of  the  Menominee  and  Marqaette  regions 
I  refer,  it  must  be  understood,  only  to  the  greenstones  and  certain  inti- 
mately associated  acid  rocks.  No  attention  was  paid  to  the  quartz- 
iteSf  dolomites  or  shales  of  the  younger,  iron-bearing  Hnronian.  With 
a  view  of  obtaining  a  clear  idea  of  the  primary  nature  of  these  rocks 
we  shall  consider  in  succession :  The  evidence  of  their  eruptive  charac- 
ter; their  original  types  and  mineralogical  composition;  the  conditions 
under  which  they  were  formed;  and,  finally,  their  succession  in  time. 

SVIDENCE  OF  ERUITIVE  CHARACTER. 

Field  evidence. — ^This  is  more  distinct  in  the  case  of  the  Menominee 
greenstones  on  account  of  the  simpler  character  of  their  exposures. 
Here  we  find  them  extending  in  two  comparatively  narrow  and  nearly 
parallel  bands  for  a  considerable  distance.  Their  color,  weight,  text- 
ure, and  frequent  massive  structure  are  such  as  are  associated  with  rocks 
of  igneous  origin,  while^n  some  cases,  as  just  below  the  Lower  Quinne- 
sec  Falls,  they  project  out  of  the  surrounding  schists  in  the  form  of  a 
high,  precipitous  ridge,  suggestive  only  of  a  great  dike.  Although 
successive  layers  of  these  rocks  differ  considerably  in  composition,  and 
though  they  possess  within  themselves  well  marked  schistose  varieties, 
yet  they  are  sharply  defined  against  the  adjoining  Huroniau  beds,  into 
which  they  never  pass  by  gradual  transitions.  Indeed,  these  rocks  have 
been  considered  by  many  of  the  geologists  who  have  examined  them 
most  carefully  as  of  eruptive  origin.  Those,  on  the  other  hand,  who 
have  regarded  them  as  either  wholly  or  partially  sedimentary  have 
been  able,  as  far  as  I  know,  to  cite  only  two  arguments  in  favor  of  thei^ 
opinion.  These  are :  First,  the  coincidence  of  the  direction  of  these 
bands,  and  of  their  alternating  component  members  with  the  general 
strike  of  all  the  rocks  of  this  region ;  and,  second,  the  li^equent  con- 
formity of  the  schistose  structure  in  these  bands  to  the  bedding  of  the 
adjacent  sediments.* 

Let  us,  however,  consider  whether  these  two  facts  are  not  wholly  in 
accord  with  the  supposition  that  these  greenstones  are  of  igneous  origin. 

*  Thitt  oonformity  is  by  do  means  universaL 
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If  they  were  lutrasive  tiiey  would  follow  in  their  course  the  line  of  least 
resistance,  which  would  probably  be  the  direction  of  the  bedding  of  the 
sediments.  If,  however,  as  seems  from  varioQS  considerations  much 
more  probable,  these  greenstones  belong  to  a  formation  older  than  the 
Huronian,  and  if  they  were  produced  in  the  form  of  great  igneous  (and 
perhaps  submarine)  overflows  which  composed  the  bottom  of  the  basin 
in  which  the  iron-bearing  sediments  were  subsequently  deposited,  then 
the  great  lateral  compression,  which  so  contorted  these  sediments  and 
elevated  them  into  their  present  almost  vertical  position,  would  have 
brought  the  underlying  greenstones  at  the  same  time  into  just  the  posi- 
tion they  now  occupy.  And  if  these  greenstones  had  been  formed  as 
successive  flows,  difiering  more  or  less  in  structure  and  composition,  in 
the  process  of  upheaval  they  must  have  behaved  like  any  other  com- 
plex of  horizontal  beds  and  have  produced  conformable  members  of  the 
series  exposed  in  the  Menominee  valley,  as  is  actually  the  case. 

Now,  also  in  regard  to  the  second  point  of  objection,  if  we  admit  that 
massive  rocks  may  have  a  schistose  Ktructure  (like  a  slaty  cleavage), 
developed  in  them  by  pressure,  then,  in  this  case,  the  direction  of  this 
cleavage,  perpendicular  to  the'  action  of  the  pressure,  must  agree  with 
the  stratification  of  the  now  almost  vertical  sediments. 

Nor  is  it  necessary  to  assume  that  the  schistosity  of  these  rocks  was 
wholly  produced  at  the  same  time  with  the  crumpling  and  slaty  cleav- 
ages of  the  overlying  detritals;  since  the  same  crumpling  force  may 
have  worked  in  the  same  direction  at  two  widely  separated  periods. 
Indeed,  there  is  excellent  reason  to  believe  in  two  such  periods,  since 
the  dikes,  which  in  the  Marquette  region  penetrated  the  greenstone 
schists  subsequent  to  their  being  made  schistose,  have  evidently  them- 
selves been  subjected  to  further  squeezing.  These  dikes  appear  to  be 
contemporaneous  with  the  sheets  of  greenstone  interfolded  with  the 
detrital  iron-bearing  strata,  which  sheets  themselves  show  a  similar  de- 
gree of  8cl|istosity  with  the  dikes  referred  to.  In  the  Marquette  region 
there  is  generally  a  very  noticeable  difference  as  to  the  amounts  of  sec- 
ondary cleavage  in  the  greenstone  schist  area,  and  in  the  strata  of  the 
overlying  iron-bearing  series,  this  being  very  much  greater  in  the  former 
case.  Coincident  with  this  difference  is  the  frequent  gentle  bowing  of 
the  iron-bearing  strata  in  this  region,  the  dips  of  its  layers  being  often 
quite  flat,  while  the  cleavage  of  the  green  schists  always  stands  at  a 
very  high  angle.  In  the  Menominee  region,  on  the  other  hand,  the 
folding  of  the  iron-bearing  series  is  very  much  closer  and  slaty  cleavage 
is  much  more  generally  developed.  This  would  seem  to  indicate  that 
the  second  period  of  squeezing  was  more  intense  in  the  Menominee 
area,  and  that  it  was,  therefore,  probably  more  instrumental  in  render- 
ing the  greenstones  schistose  here  than  in  the  Marquette  region. 

The  arguments  used  by  the  defenders  of  the  sedimentary  origin  of 
the  Menominee  greenstones  can  not  therefore  be  regarded  as  valid. 

On  the  other  hand  we  may  cite,  as  positive  evidence  that  the  foliation 
Bull.  62 13 
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of  the  greenstoQes  is  a  secondary  feature,  the  fact  stated  by  Major 
Brooks,  that  at  the  Four-Foot  Fall  this  foliation  is  oonforinablo  to  tlie 
adjoining  clay-slate,  which  has  a  '^  strong  cleavage  and  no  distinguish- 
able bedding  planes."^  Thus  the  schistose  structure  of  the  greenstone 
now  agrees  with  the  secondary  slaty-cleavage  of  the  sediment,  which, 
of  course,  may  or  may  not  agree  with  its  original  bedding,  since  this 
is  here  obliterated.  Furthermore,  what  foliation  the  greenstones  pos- 
sess may  be  traced  in  almost  every  case  into  a  jointing,  or  into  bands 
produced  by  the  crushing  attendant  upon  faulting  and  flipping,  which 
has  taken  place  within  the  rock-mass.  Finally,  the  abruptness  with 
which  the  foliation  of  the  greenstones  commences  and  breaks  off  in  the 
direction  of  the  strike  is  wholly  inconsistent  with  the  theory  that  it  is 
due  to  original  stratiflcation.  At  the  Four-Foot  Fall,  for  instance,  the^ 
greenstones  strike  almost  at  right  angles  to  the  river,  and  yet  they  are 
very  schistose  on  the  Wisconsin  and  very  massive  on  the  Michigan 
bank.  Such  cases  are  not  uncommon  while  even  more  difficult  to  ex- 
plain are  differences  in  the  strike  of  schistose  bands  which  traverse 
a  massive  rock  (like  those  observed  at  the  Upper  Twin  Fall),  unless  we 
assume  that  they  were  produced  by  a  force  which  acted  unevenly  and 
not  in  a  constant  direction. 

The  field  evidence  that  the  greenstones  within  the  Marquette  belt 
are  of  igneous  origin  is  not  so  plain  as  that  encountered  in  the  Menom- 
inee valley.  Although  we  find  here  unmistakable  dikes  of  unal- 
tered diabase  and  others  of  altered  though  still  massive  greenstone, 
yet  some  of  the  most  important  of  these  rocks,  especiall}'  in  the  north- 
ern part  of  the  Marquette  area,  are  so  regularly  banded  and  stratified 
that  we  are  obliged  to  seek  the  agency  of  water  to  account  for  their 
formation.  Nevertheless,  wo  are  not  obliged  to  separate  even  these 
greenstones  altogether  from  the  igneous  rocks  which  accompany  them. 
For  reasons  stated  at  length  in  Chapter  IV,  they  may  be  most  satis- 
factorily explained  as  tuff  deposits,  half  volcanic,  half  sedimentary, 
which  throw  important  light  upon  the  physical  conditions  under  which 
the  more  massive  rocks  were  produced. 

Strong  collateral  evidence  respecting  the  original  nature  of  the  green- 
stones of  both  these  areas  may  be  obtained  from  a  study  of  the  acid  rocks 
which  are  quite  constantly  associated  with  them.  The  indications  of 
the  eruptive  character  of  these  rocks  are  so  unmistakable  that  it  seems 
to  have  hardly  ever  been  doubted  by  any  one  who  has  examined  them. 
Large  areas  of  granite  occur  on  each  side  of  the  Huronian  basins,  both 
in  the  Menominee  valley  and  near  Marquette,  and  dikes  and  apophyses, 
presumably  radiating  from  these  main  masses,  penetrate  the  green- 
stones for  a  considerable  distance  (cf.  the  Upper  Quinuesec  Fall,  Horse 
Eaco,  and  region  just  north  of  Marquette).  Now,  the  composition  of 
these  acid  rocks  is  such  that  they  resist  chemical  alteration  much  more 
successfully  than  those  of  a  more  basic  character.    Hence  we  should 


'  Geol.  Wisconsin,  toI.  3,  p.  475. 
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expect  to  find  their  distinctively  eruptive  features,  such  as  dike-form, 
line  of  contact,  original  structure,  etc.,  much  better  preserved.  This  is 
the  case,  and  yet  these  eruptive  rocks  often  present  phenomena  of  sec- 
ondary foliation  quite  identical  with  those  seen  in  the  greenstones. 

Near  the  southern  end  of  the  Brook  Section,  just  west  of  Marquette, 
this  intrusive  granite  is  filled  with  fragments  of  the  surrounding  schist 
which  it  tore  off  while  yet  in  a  molten  state.  At  the  lower  end  of  the 
Horse  Baee  Rapid,  on  the  Menominee  River^  the  acid  dikes  show  a 
marked  diminution  in  the  size  of  the  grain  toward  the  dike  walls,  a 
structure  eminently  characteristic  of  rocks  which  have  crystallized  in 
fissures.  Near  Upper  Quinnesec  Falls  also  was  discovered  a  rock  closely 
resembling  a  granitic  hornfels  (No.  11064).  But  in  spite  of  all  the  evi- 
dence that  the  acid  rocks  are  eruptive,  their  dikes,  for  the  most  part, 
follow  the  strike  of  those  through  which  they  break,  since  this  is  the 
line  of  least  resistance,  while  many  of  them  have  a  perfect  foliation  and 
even  a  gneissic  structure.  What  we  may  regard  as  satisfactory  proof 
that  this  foliation  is  a  secondary  feature  may  be  seen  at  the  head  of  the 
Horse  Race,  where  it  conforms  to  the  general  strike  of  the  surrounding 
greenstones,  even  where  this  does  not  coincide,  as  is  exceptionally  the 
case,  with  the  sides  of  the  acid  band  (see  p.  115).  A  similar  structure 
has  been  observed  by  Prof.  Ch.  E.  Weiss,  of  Berlin,  near  Thai,  in  Thu- 
ringia;^  and,  like  the  present  case,  it  may  be  regarded  as  certain  evi- 
dence that  a  schistose  or  even  a  banded  structure  raaj"  be  developed  in 
acid  dikes  by  secondary  causes,  independent  of  their  own  direction, 
bat  conformable  with  the  strike  of  the  surrounding  rocks. 

Microscopical  evidence. — The  most  convincing  proof  that  the  rocks  of 
the  Menominee  and  Marquette  greenstone  areas  are  of  igneous  origin 
is  not  to  be  derived,  however,  from  their  field  relations,  but  rather  from 
their  microscopical  structure.  It  is  true  that  there  are  many  cases 
where  rocks  of  widely  dissimilar  origin  resemble  one  another  so  closely 
that  not  even  the  minutest  study  of  their  internal  structure  is  able  to 
distinguish  them  with  certainty ;  nevertheless  there  are  in  other  cases 
well  marked  peculiarities  of  structure  which  may  be  regarded  as  un* 
failing  indications  that  the  rock  possessing  them  has  crystallized  out  of 
a  molten  magma. 

An  explanation  for  these  facts  is  not  diflBcnlt  to  find.  The  original 
structures  of  clastic  and  igneous  rocks  are  characteristic  and  essentially 
distinct.  Where  these  remain  there  is  no  danger  of  confusion.  In  the 
process  of  metamprphism,  however,  there  is  a  constant  tendency  to  ob- 
literate the  original  features  and  to  substitute  for  them  certain  second- 
ary features.  But  these  latter  depend  altogether  upon  the  chemical 
constitution  of  the  mass  and  the  nature  of  the  metamorphosing  forces, 
and  are  independent  of  both  the  mineral  composition  and  the  structure 
of  the  original  rock.    Hence  it  is  that  rocks  fundamentally  distinct  in 


>  Petrograpbiucho  Beitriige  ana  dcm  niirdlichen  Thiiringer  Walde.    Jahrbuoh  prouss.  gool.  Landes- 
axiatall  fur  1883,  pp.  213-237.    Berlin,  1884. 
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both  origin  and  structure  grow-  more  and  more  alike  when  subject  to 
metamorphism.  They  may  finally  become  indistinguishable  and  thus 
their  life  histories  may  be  lost,  but  so  long  as  any  trace  of  the  original 
structure  is  recognizable  it  may  be  relied  upon  as  a  safe  guide. 

It  is,  therefore,  a  matter  of  prime  Importance  in  petrography  to  be 
thoroughly  acquainted  with  original  rock  structures,  and  to  understand 
their  significance.  As  a  rule,  those  found  in  igneous  rocks  are  more  un- 
mistakable than  those  which  characterize  clastic  deposits.  For  instance, 
universal  observation,  together  with  numerous  synthetical  experiments 
in  the  laboratory,  has  shown  that  the  peculiar  divergent  radial  struct- 
ure, known  as  the  *' ophitic '' or  "diabase''  structure,  is  always  the 
product  of  crystallization  from  a  molten  mass  of  certain  basic  rocks. 
No  siugle  observation  has  ever  been  made  to  indicate  that  this  structure 
can  originate  in  a  sediment  or  by  any  metamorphism  of  a  sediment; 
hence,  we  are  justified,  when  we  encounter  the  "  ophitic '' structure  in 
a  rock  (no  matter  how  much  it  may  otherwise  resemble  a  sedimentary 
deposit)  in  assuming  that  it  is  of  igneous  origin.  Kow,  precisely  this 
characteristic  structure  is  what  we  do  meet  most  frequently  in  the 
greenstones  of  both  the  Menominee  and  the  Marquette  area.  Nor  is  it 
alone  in  the  most  massive  and  apparently  least  altered  specimens  that 
it  is  found  5  often  the  most  perfectly  schistose  of  these  greenstones  dis- 
close it,  and  that,  too,  where  none  of  the  mineral  components  have 
escaped  complete  alteration. 

Other  structures,  scarcely  less  typical  of  ah  igneous  origin  are  also 
encountered  in  other  of  the  Marquette  and  Menominee  rocks.  Some 
of  these  are :  porphyritic  structure^  with  well  defined  crystals  and  even 
a  zonal  growth;  micropegmatite  and  granophyre  structure^  in  granite, 
diorite  and  diabase ;  poiciUtic  structure^  shown  by  the  hornblende  in  the 
diorite  porphyry  at  Lower  Quiunesec  Falls.  The  skeleton  forms  of  the 
acicular  feldspar  crystals,  still  recognizable  in  the  aphanitic  greenstones 
of  the  Upper  Twin  Fall,  as  well  as  in  those  of  the  southern  Marquette 
and  Negaunee  areas,  are  also  strongly  indicative  of  igneous,  and  per- 
haps also  of  glassy  rocks. 

The  evidence  of  eruptive  origin  afforded  by  the  present  mineral  com- 
ponents of  the  Marquette  and  Menominee  rocks  is  not  so  satisfactory 
as  that  based  on  their  structure.  Nor  is  this  different  from  what'  we 
should  expect.  Chemical  metamorphism  precedes  structural  metamor- 
phism. Instances  are  frequent  in  both  regions  of  the  disappearance  of 
every  original  mineral,  while  the  structure  remains  intact.  If  we  except 
the  comparatively  recent  and  unaltered  diabases  near  Marquette,  pyrox- 
ene— that  most  characteristic  of  volcanic  minerals — was  hardly  ever  en- 
countiered  except  in  the  gabbro  at  Sturgeon  Falls.  We  can,  however, 
assert  with  certainty  that  it  was  once  present  in  many  other  rocks, 
where  it  is  now  represented  by  the  pale  green  hornblende  into  which  it 
jBO  readily  passes.    Other  species  typical  of  igneous  rocks,  such  as  lath- 
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shaped  labradorite  crystals  aud  ilmenito  fringed  with  leacoxene,  on  the. 
other  hand)  are  still  met  witb  in  abundance. 

With  such  evidence  that  the  greenstones  and  associated  acid  rocks 
of  the  Menominee  and  Marquette  regions  are  igneous  in  their  origin, 
we  may  next  inquire  as  to  how  many  different  types  may  still  with  cer- 
tainty be  recognized  among  them.  In  this  section,  whose  effort  it  is 
to  reconstruct  the  original  form  of  the  greenstones,  no  reference  will 
be  made  to  the  secondary  or  metamorphic  rock-types, 

DIFFERENT  ORIGINAL  ROCK-TYPES. 
BASIC  BOCKS. 

Olivine  Oabhro. — This  type,  containing  abundant  aud  perfectly  crys- 
tallized olivine,  was  found  only  in  the  northern  area  above  Negaunee  ; 
(See  Chap.  V,  p.180);  and  even  here  under  circumstanced  which  left 
doubt  as  to  whether  the  exposure  was  in  situ,  or  a  part  of  a  huge,  buried 
glacial  bowlder. 

Oabbro. — The  only  undoubted  representatives  of  this  type,  i.  e.,  gran- 
ular aggregates  of  allotriomorphic  diallage  aud  plagioclase,  were  found 
at  Sturgeon  Falls  on  the  Menominee  Kiver.  Their  diallage  is  of  an 
unusually  pale  color  and,  like  the  whole  rock,  remarkably  poor  in  iron, 
(cf.  analysis  on  p.  76.)  Their  feldspar  is  almost  wholly  changed  to 
saussurite.  The  rock  exposed  near  the  Eureka  shaft,  two  miles  west 
of  Marquette,  appears  once  to  have  belonged  to  this  same  type  (p.  70); 
while  the  granular  diorites  so  common  at  the  Quinnesec  Falls,  although 
they  now  contain  only  pale  green  hornblende  and  no  diallage,  agree  so 
closely  with  the  Sturgeon  Falls  rock  in  appearance,  structure,  and  chem- 
ical composition,  that  it  is  very  probable  that  they  were  once  gabbros 
also  (pp.  86,  102). 

Dinbase, — This  is  by  far  the  most  common  rock-type  and  it  is  found 
in  every  variety  and  stage  of  alteration. 

An  unaltered  olivine  diabase  is  the  youngest  rock  of  the  Marquette 
area.  It  intersects  all  the  other  greenstones  as  well  as  the  granite,  as 
may  be  seen  at  the  moutli  of  Dead  River,  besides  occurring  in  inter- 
bedded  sheets  in  the  iron  bearing  series  itself.  It  forms  the  great  dike 
which  terminates  at  Lighthouse  Point,  as  well  as  many  other  smaller 
ones  exposed  in  the  Brook  Section,  in  the  northern  area  and  at  other 
locahties.  As  the  olivine  is  the  first  of  all  minerals  to  disappear,  this 
type  can,  of  course,  be  recognized  only  in  the  freshest  specimens. 

It  is  not  always  possible  to  say  positively  whether  the  quartz  in  the 
diabase  is  an  original  or  a  secondary  constituent.  The  former,  how- 
ever, is  probably  the  case  in  certain  very  fresh  specimens  and  where, 
as  in  No.  11675  from  the  great  dike,  and  No.  11646  from  Front  street, 
Marquette,  it  is  present  as  a  micropegmatitic  intergrowth  with  the 
feldspar  (p.  141). 

No  non-olivinitic  diabase  was  discovered  in  a  perfectly  fresh  state,  but 
this  type  is  assumed  for  many  occurrences  in  which  alteration  is  more  or 


198  GREENSTONE   SCHIST   AREAS   OF   MICHIGAN.  lBiiu.e2. 

less  advanced.    Sach  an  assamption  must,  however,  be  doubtful,  since 
any  original  olivine  would  have  been  the  first  mineral  to  disappear. 

Diabase  Porphyry. — It  is  now  impossible  to  say  wbetfier  the  porphy- 
ritic  greenstones  occurring  at  the  western  end  of  the  ridge  below  the 
Lower  Quinnesec  Falls  once  belonged  to  this  type  or  not.  If  they  did, 
they  contained  considerable  original  brown  hornblende  as  an  accessory 
constituent;  but  it  seems  more  probable  that  these  rocks  were  diorites. 

Glassy  Diabase  and  Melaphyre. — From  the  sides  of  the  unaltered  dia- 
base dikes,  glassy  and  half  glassy  rocks*  were  obtained,  which,  of 
course,  represent  only  a  local  facies  of  the  main  mass,  due  to  more  rapid 
cooling.  They  contain  incomplete  and  skeleton  forms  of  the  minerals 
which  were  the  first  to  crystallize,  and  in  this  respect  they  closely  re- 
semble some  of  the  aphanitic  greenstones  of  the  southern  Marquette 
and  Negaunee  areas.  Indeed,  one  of  these  half  glassy  rocks  from  the 
edge  of  a  much  altered  dike  in  the  Brook  Section,  near  Marquette  (No. 
11G80,  see  p.  144),  is  quite  identical  with  a  certain  widespread  variety  of 
the  fine  grq»ined  greenstones,  and  gives  perhaps  the  clew  for  the  decipher- 
ing of  their  original  form  (cf.  p.  163). 

Diorite. — The  readiness  with  which  the  pyroxene  of  eruptive  rocks 
passes  over  into  a  corresponding  amphibole,  makes  the  number  of  dior- 
ites among  the  Menominee  and  Marquette  greenstones  appear  much 
larger  than  it  really  is.  A  majority  of  these  are  undoubtedly  of  second- 
ary origin,  having  been  derived  from  pyroxene  rocks.  Nevertheless, 
others  of  them,  in  which  the  secondary  hornblende  can  be  traced  back 
into  a  compact  brown  variety  of  the  same  mineral,  must  be  i^egarded  as 
true  diorites,  unless  we  make  the  assumption  that  pyroxene  has  passed 
by  paramorphism  first  into  basaltic,  and  subsequently  into  fibrous  green 
hornblende.  The  origin  of  other  of  the  dioritic  greenstones  must 
always  remain  uncertain.  Even  at  the  risk  of  including  some  rocks  of 
secondary  origin,  the  principal  dioritic  types  may  be  enumerated  as  fol- 
lows :  Oabbro  type — light  colored,  granular  rocks,  like  those  forming  the 
barrier  at  Upper  Quinnesec  Falls ;  these  so  closely  resemble  the  Stur- 
geon Falls  gabbro  (even  down  to  the  orthopiuacoidal  parting  of  their 
hornblende)  that  there  is  strong  reason  to  believe  that  they  have  been 
derived  from  a  similar  rock.  Coarse  grained  diorite  of  the  Horse  Race, 
with  idiomorphic  feldspar  and  a  pale  green  hornblende,  which,  though 
itself  secondary^  has  probably  been  formed  from  a  compact  variety  of 
the  same  species.  Qranulur  diorite^  like  No.  11175  from  Four-Foot  Falls 
and  several  dike-rocks  in  the  Negaunee  and  Northern  areas.  Quartz 
diorite^  like  the  Picnic  Island  rock  and  No.  11831,  from  the  Northern 
area,  west  of  Marquette.  (See  Plate  IX,  fig.  2.)  Both  of  these  are  per- 
haps more  properly  amphibole  granites,  although  the  relative  propor- 
tions of  their  orthoclase  and  triclinic  feldspar  leaves  this  in  doubt.  The 
so-called  "  epidiorites  "  are  undoubtedly  of  secondary  origin,  and  have 
been  derived  generally  from  augitic  rocks. 
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Dioriie  Porphyry. — The  rocks  containing  large  poicilitic  hornblende 
crystals,  collected  from  the  western  end  of  the  ridgii  below  the  Little 
Qninnesec  Falls,  which  have  already  been  mentioned  under  the  head  of 
Diabase  Porphyry,  although  they  should  perhaps  receive  the  above 
designation. 

Tuffs, — The  schistose,  banded  greenstones  which  compose  so  large  a 
part  of  the  northern  Marquette  area  are  found  to  be  best  explained  as 
tuff  deposits  of  the  basic  eruptives  which  accompany  them. 

ACID  B0CK8. 

Oranite, — Each  of  the  greenstone  areas  is  bounded  on  both  the  north 
and  south  by  a  large  mass  of  granite.  This  rock  is  a  typical  granitite 
as  can  be  best  seen  from  the  specimens  collected  south  of  the  Horse 
iiace  in  the  Menominee  Valley  and  north  of  the  Marquette  greenstone 
belt.  Muscovite  granite  occurs  in  some  of  the  bosses  near  Marquette, 
notably  at  the  so  called  "  gold  mine  ^  near  Pine  street.  Amphibole 
granite  is  possibly  represented  in  the  specimens  from  Picnic  Islands  and 
the  Northern  area  which  have  already  been  mentioned  under  the  head 
of  Quartz  Diorite,  although  they  appear  to  occupy  a  position  midway 
between  these  two  types. 

Chranite  Porphyry  and  Quartz  Porphyry  are  the  forms  assumed  by  the 
granite  where  it  penetrates  the  greenstones  in  dikes  or  apophyses. 
They  are  abundant  in  both  areas  and  are  united  by  a  continuous  series 
of  transitional  forms.  These  rocks  are  among  the  most  interesting  ones 
anywhere  met  with  on  account  of  the  perfection  with  which  they  show 
the  effects  of  dynamic  action.  By  either  stretching  or  compression 
they  are  changed  into  Augen  gneiss  or  schistose  porphyry,  both  of  which 
retain  in  their  microscopic  structure  very  plain  evidence  of  the  manner 
in  which  they  were  produced. 

ORIGINAL  MINERAL  CONSTITUENTS. 

OrthoeloAe  occurs  in  all  the  acid  rocks — granites,  and  porphyries ;  in 
some  of  the  fragmental  rock,  as,  for  instance,  those  near  Iron  Mount- 
ain and  in  the  stretched  tuffs  on  the  Carp  Kiver  north  of  Teal  Lake, 
and  i>robably  in  the  Picnic  Island  rock  north  of  Marquette. 

Mierocline, — It  is  doubtful  whether  this  form  of  potash  feldspar  is 
ever  original.  In  some  cases  at  least  it  is  certainl}^  the  result  of  intense 
dynamic  action  on  rocks  already  solid. 

Oligoclase  is,  in  all  probability,  the  species  of  striated  feldspar  occur- 
ring in  the  granites. 

Ldbradorice  is  the  prevailing  original  feldspar  in  all  the  greenstones, 
as  it  is  in  the  unaltered  diabases  occuring  near  Marquette. 

Quartz  is  an  abundant  component  of  all  the  acid  types ;  and  it  occurs 
also  in  both  diorites  and  diabases,  although  it  is  here  not  always  pos- 
sible to  distinguish  between  what  is  original  and  what  is  secondary. 

Muscovite  seems- to  exist  in  one  or  two  granites  as  a  primary  compo- 
nent, but  in  the  majority  of  cases  it  is  a  derivative  of  the  orthoclase. 
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i^io^i^  is  abuiidaat  in  cbegrauites.  It  is  also  present  in  the  diorites, 
especially  in  tbose  from  the  Horse  Bace  Bapid,  although  here  it  may 
be  secondarily  developed  out  of  the  hornblende.  In  the  diabase  it  is 
sometimes  seen  forming  a  border  aroand  the  ilmenite. 

Hornblende. — Compact  brown,  or  basaltic  hornblende  is  common  ia 
very  many  of  the  greenstones,  though  mostly  as  remnants  of  crystals 
which  have  become  partly  green^  or  fibrous.  It  is  also  present  in  the 
Sturgeon  Falls  gabbro  and  in  the  Marquette  olivine  diabase.  Compact 
green  hornblende  is  also  a  very  common  mineral  in  the  greenstones,  but 
it  impossible  to  tell  to  how  great  a  degree  this  may  be  of  secondary  origin. 

Diallage  of  a  very  pale  color  and  very  poor  in  iron  is  abundant  in  the 
gabbro  of  Sturgeon  Falls.    (See  PI.  VIII,  fig.  1.) 

Augite  of  the  ordinary  kind,  having  a  reddish  brown  color  in  trans- 
mitted light,  is  an  essential  ingredient  of  all  the  fresher  diabases;  and 
often  exists  as  a  core  in  the  center  of  partially  uralitized  crystals. 

Olivine,  in  fresh  and  perfectly  formed  crystals,  was  found  in  the  oli- 
vine gabbro  of  doubtful  origin  which  occurred  in  the  Northern  area' 
above  Negaunee.    It  also  once  formed  a  comx)oneut  of  the  younger  dia- 
bases near  Marquette,  although  it  is  now  so  altered  to  serpentine  as  to 
be  only  recognizable  by  its  form. 

Zircon  is  abundant  in  nearly  all  the  acid  rocks,  and  is  present  in  the 
sediments  near  Iron  Mountain  in  the  Menominee  valley.    (No.  11113.) 

Apatite  is  universal  in  all  the  rocks  which  have  not  been  sufficiently 
altered  to  obscure  it. 

Tourmaline  is  common  in  the  more  acid  rocks.  It  may  be  best  seen 
in  the  granite  and  acid  dikes  near  the  Horse  Ba<^e  and  Upper  Quinne- 
sec  Falls.  It  is  also  present  in  the  sediments  exposed  near  Iron  Mount- 
ain and  Four-Foot  Falls,  as  well*  as  in  the  hornfels  (No.  11064.) 

Sphene  occurs  in  both  granite  and  diorite,  especially  in  association 
with  hornblende.  In  some  instances  it  seems  to  have  been  derived 
from  the  alteration  of  ilmenite. 

Orthite  {Allanite)  is  present  in  certain  granites,  both  near  the  Horse 
Bace  and  in  the  Northern  area  above  Negaunee. 

Ilmenite  and  Magnetite, — The  opaque  iron  oxide  minerals  are  present 
in  all  the  rocks  in  their  usual  abundance.  Ilmenite  is  the  most  fre- 
quent,  especially  in  the  greenstones,  but  magnetite  is  also  present. 

CONDITIONS  UNDER  WHICH  THE  GREENSTONES  WERE  FORMED. 

There  is  considerable  evidence  to  show  that  the  greenstones,  both  of 
the  Menominee  and  the  Marquette  region,  solidified  at  the  surface, 
under  suba^rial  or  subaqueous  conditions. 

In  the  Menominee  Valley  this  evidence  consists  (1)  of  the  fine  text- 
ure of  the  rocks ;  and  (2)  of  the  alternation  of  bands  of  difl^erent  types, 
which  probably  in  their  original  position  represented  successive  flows. 
Fineness  of  grain  is  universal  in  the  Meuomineegreenstoues,  and  weniay 
be  certain  that  it  was  a  primary  feature  in  spite  of  the  extensive  alt^r- 
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ation  of  these  rocks.  It  is  especially  noticeable  in  the  case  of  the  gab- 
broy  which  is  almost  always  a  coarse  grained  rock  when  it  has  solidified 
at  any  depth.  The  succession  of  massive  beds,  like  the  pale  gabbros 
and  the  dark  diabases  seen  at  Lower  Quinnesec  Falls,  are  difiScult 
to  acconnt  for  except  by  supposing  that  they  were  once  horizontal 
sheets  which  flowed  one  over  another  and  which  were  subsequently  ele- 
vated into  their  present  nearly  vertical  position.  Traces  of  tufif  mate- 
rial are  not  as  distinct  here  as  in  the  Marquette  region,  although  indi- 
cations of  their  existence  are  by  no  means  wanting.  We  might  reason- 
ably expect  that  any  original  scoriaceous  or  amygdaloidal  structure 
woald  have  disappeared  in  the  course  of  the  profound  chemical  changes 
throQgh  which  these  greenstones  have  passed. 

In  the  Marquette  area  proof  of  the  superficial  origin  of  the  green- 
stones may  be  found  (1)  in  the  fineness  of  grain,  and  (2)  in  the  frag- 
mental  detritus  or  tn£f,  such  as  would  accompany  volcanic  action.  The 
60  called  ''  aphanitic  greenstones,''  which  play  so  important  a  role  in  the 
sonthem  Marquette  and  Kegaunee  districts,  have  traces  of  a  structure 
like  that  of  a  porphyrite  or  melaphyre  (see  PI.  X,  fig.  2).  At  least 
tbere  are  incomplete  forms  of  feldspar  crystals  apparently  imbedded  in 
agroQDdmass  which  might  easily  have  originated  from  the  devitrifica- 
tion and  decomposition  of  a  cryptocrystalline  or  even  glassy  base.  The 
finely  banded  greenstone  schists  occupying  the  northern  portion  of  the 
j^larquette  belt  present  such  strong  evidence  of  stratification  and  such 
pecnliarities  of  microscopic  structure  (see  PI  XVI,  fig.  1)  that  they  are 
hest  explained  as  tuff  deposits  belonging  to  the  massive  basic  rocks. 
'Fhe  presence  of  fragmental  material  of  this  kind,  of  course,  strongly 
indicates  surface  origin  for  all  these  greenstones.  Still  other  signs 
point  in  the  same  direction.  At  least  one  well  marked  specimen  of 
amygdaloidal  structure  (No.  11746)  was  found  near  Baldwin's  Kilns,  but 
in  tbe  present  highly  altered  condition  of  these  rocks  it  can  only  occa- 
sion surprise  that  even  this  was  preserved. 

ItACBOSTHUCTUBAL   METAMORPHISM  OF  THE  MENOMINEB  AND  MAR- 
QUETTE MASSIVE  ROCKS. 

This  embraces  all  modifications  in  the  structure  of  the  massive  rocks 
produced  by  dynamic  agencies  and  plainly  visible  to  the  unaided  eye. 
Such  changes  consist  for  the  most  part  in  the  production  of  a  banding, 
foliation,  or  schistose  structure,  which  tend  to  make  the  eruptive  rocks 
resemble  stratified  deposits.  They  are  a  secondary  feature  and  must 
be  correlated  with  the  slaty  cleavage,  not  with  the  original  bedding  of 
sediments. 

In  the  process  of  upheaval  and  folding  rocks  may  be  subjected  to  great 
compression,  with  more  or  less  attendant  shearing  or  faulting,  or  the  re- 
verse may  be  true  and  a  tension  result.  In  the  first  case  foliation  is 
produced ;  in  the  second,  the  phenomena  of  stretching. 
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MACaOSTRUCTURAL  MXTAM0RPHI8M  THROUGH  COMPRESSION,  FAULTINOy  OR  ORUSHIKO. 

Simple  compression. — There  seems  to  be  uo  doubt  that  a  foliatioa  or 
alaty  cleavage  may  be  produced  by  pressure  ia  massive  as  well  as  in 
stratified  rocks.  This  cleavage  is  developed  ia  all  cases  at  right 
angles  to  the  direction  of  the  pressure.  It  is  particularly  frequent  in 
such  basic  eruptive  rocks  a^,  by  their  chemical  composition,  are  more 
subject  to  alteration.  In  these  the  secondary  development  of  such 
cleavable  minerals  as  chlorite,  hornblende,  sericite,  and  biotite,  which 
are  given  a  parallel  arrangement  by  crystallizing  under  pressure, 
strongly  conduces  to  the  production  of  a  schistose  structure.  The 
pressure  accelerates  tVe  chemical  action,  and  may  in  this  way  de- 
velop a  schistose  out  of  a  massive  rock  without  movement  in  the  mass. 

A  very  general  feature  in  the  foliated  greenstones  of  both  the  Me- 
nominee and  Marquette  regions  is  their  tendency  to  cleave  parallel  to 
a  line  instead  of  parallel  to  a  plane;  in  other  words,  they  possess  a 
dip  but  no  decided  strike.  The  rock  then  breaks  with  readiness  into 
long  rhomboidal  prisms  with  almost  any  angle,  but  is  severed  with 
difficulty  at  right  angles  to  this  axis  of  foliation.  Such  a  structure 
would  seem  to  indicate  the  action  of  an  unequal  or  shifting  pressure. 
Examples  of  this  method  of  parting  are  very  common,  especially  at 
Sturgeon,  Lower  Quinnesec,  and  Twin  Palls,  in  the  Menominee  Yalley, 
and  in  the  southern  portion  of  the  Marquette  greenstone  area. 

One  of  the  best  proofs  of  the  secondary  origin  through  dynamic 
agency  of  the  greenstone  foliation  is  the  fact,  noticed  by  Major  Brooks, 
that  at  Four-Foot  Falls  this  is  parallel  to  the  slaty  cleavage,  but  not  to 
the  bedding  of  adjoining  sediments. 

Another  method  by  which  a  schistose  structure  is  produced  in  the  Me- 
nominee greenstones,  is  the  gradual  flattening  of  the  rhomboidal  prisms 
which  are  formed  by  the  intersection  of  two  sets  of  joint-planes.  This 
is  illustrated  by  Figs.  20,  21,  and  22,  on  page  128.  These  prisms  seem 
to  be  elongated  by  the  action  of  intense  pressure  into  a  series  of  inter- 
lacing lenses.  A  sort  of  '^  Flaser  ^  structure  is  thus  produced  which,  in 
its  extreme  development,  becomes  a  well  characterized  schistose  struct, 
ure.  Even  in  the  broadest  of  these  prisms  a  latent  cleavage  is  often 
noticeable  parallel  to  their  longest  diagonal,  always  following  the 
general  strike  of  the  adjoining  rocks.  This  structure,  which  I  have 
designated  as  rhomboidal,  or  diamond  parting,  may  best  be  seen  at  the 
Twin  Falls  or  at  the  upper  end  of  the  great  greenstone  ridge  below 
Lower  Quinnesec  Falls. 

Faulting  or  crushing. — A  schistose  structure  is  always  produced  in 
massive  rocks  along  lines  where  a  great  tension  has  been  relieved  by 
breaking  and  a  consequent  displacement.  Movement  of  this  kind  within 
a  solid  mass,  must  be  accorapanfed  by  more  or  less  intense  crushing, 
and  this  allows  increased  circulation  and  hence  of  the  rapid  production 
of  secondary  crystallizations.    Admirable  instances  of  this  phenom- 
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euoii  aboaud  ia  both  the  Menominee  and  Marquette  greenstones.  At 
the  Sturgeon  Falls,  along  the  basin  just  below  Lower  Quinneseo  F^lls^ 
l»elow  the  Horse  Eace,  at  the  Twin  Falls,  at  the  foot  of  Arch  street, 
Marqaettc,  and  at  many  other  localities  within  this  area,  it  may  be  seen 
with  remarkable  distinctness.  The  exact  effect  of  the  crushing  on  the 
original  mineral  constituents  is  visible  only  under  the  microscope  and 
hence  will  be  considered  in  the  succeeding  chapter ;  but  any  one  who 
will  carefully  examine  any  of  th^  above  named  localities  can  not  fail  to 
be  convinced  of  the  continuity  and  original  identity  of  the  massive  and 
schistose  rocks. 

Both  the  width  of  these  schistose  bands  and  the  intensity  of  the 
crushing  which  they  exhibit  vary  widely  in  different  cases.  Their  di. 
rection  almost  always  coincides  with  the  general  strike,  although  at 
Upper  Twin  Falls  such  bands  were  observed  to  have  a  different  direc- 
tion.   (See  p.  132.) 

This  pulverization  of  the  rock  is  accompanied  by  greatly  increased 
chemical  action  (exceptin  the  notable  instance  of  the  feldspar)  and  the 
abundant  production  of  chlorite.  Such  crushed  bands  possess  a  more 
or  less  perfect  lenticular  or  "  Flaser '^  structure,  which  passes  gradually 
into  a  lamination  where  the  action  has  been  more  intense.  This  is  al- 
most entirely  due  to  the  parallel  arrangement  of  the  secondary  chlorite 
scales,  so  that  we  have  a  basic  eruptive  rock  developing  into  a  typical 
chlorite  schist. 

Excellent  examples  of  a  massive,  though  much  altered  greenstone 
fraying  out  into  a  chlorite  schist  by  the  action  of  a  shearing  force  along 
lines  of  slight  displacement,  were  found  at  lower  Twin  Falls,  and  are 
illustrated  in  Figs.  23  and  24.     (See  pp.  129,  130.) 

The  great  mechanical  force  generated  in  the  course  of  orographic 
movements,  aided  by  chemical  action,  sometimes  develops  schistose 
bands  in  massive  rocks,  which  wind  around  and  encircle  compact  cores. 
These  are  spheroidal  or  lenticular  in  shape,  and  seem  for  some  unknown 
reason  to  hav^  better  resisted  the  metamorphosing  influences.  A  fine 
example  of  this  kind  may  be  seen  on  the  Wisconsin  side  of  the  Menom- 
inee Eiver,  just  at  the  foot  of  Lower  Quinnesec  Falls.  It  is  repre- 
sented by  specimens  ]N"os.  11017  to  11020,  described  on  p.  93.  Other 
examples  of  the  same  kind  occur  in  the  railroad  cut  near  Front  street, 
Marquette. 

This  last  described  structure  has  much  in  common  with  the  spheroidal 
or  lenticular  parting  observed  in  the  aphanitic  greenstones  of  the  south- 
ern Marquette  and  Negaunee  areas.  (See  Figs.  26  and  27,  pp.  166, 177.) 
Near  the  mouth  of  Whetstone  Brook  j  in  the  neighborhood  of  Bald- 
win's Kilns,  and  between  Teal  Lake  and  the  Carp  River,  we  see  the  fine- 
grained greenstones  broken  up  into  circular  or  oval  areas,  which  are 
separated  by  a  finer  schistose  matrix.  This  structure  is  common 
through  the  Northwest,  and  has  been  termed  by  the  Canadian  geolo- 
gists "concretionary  trap."    It  is,  however,  in  no  sense  really  concre- 
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tionary,  but  itiust  be  ascpbed  either  to  contraction  which  frequently 
produces  a  perlitic  structure  or  spheroidal  parting  iu  volcanic  rocks,  or 
to  a  mechanical  brecciation  and  rubbing  together  of  the  disjointed 
fragments,  as  was  found  by  Rothpletz  to  be  the  case  in  similar  green- 
stone schists  of  Saxony.    (See  p.  167.) 

.MACR08TRUGTURAL  METAMORPHISM  THROUGH  STRETCHING. 

The  effect  of  stretching  upon  rock  glasses  has  only  recently  come  to 
engage  the  attention  of  geologists.  It  is  evident  that  in  the  process  of 
the  upheaval  or  folding  some  parts  of  the  mass  must  be  strained,  while 
other  parts  are  compressed.  As  Heim  first  pointed  out,  such  a  tension 
is  relieved  sometimes  with  and  sometimes  without  a  visible  rupture. 
Both  of  these  methods  are  well  illustrated  in  the  massive  rocks  of  the 
Menominee  and  Marquette  regions. 

In  the  first  case  we  find  the  formation  of  irregular,  ragged  seams, 
which  Helm  has  designated  as  gaping  rents  (^'  klaffende  Eisse''),  and 
which  I  have  termed  "  cross-gashes,"  from  their- being  torn  open  in  a 
direction  perpendicular  to  that  in  which  the  tension  was  exerted.  They 
are,  therefore,  approximately  parallel,  and  may  produce  a  rough  sort 
of  schistose  structure.  These  seams  sometimes  remain  open,  l)ut  are 
sometimes  filled  with  secondary  crystallrzations,  like  quartz,  calcite,  or 
chlorite,  often  with  epidote.  They  are  best  exhibited  in  the  great 
greenstone  ridge  which  extends  along  the  river's  left  bank  below  Lower 
Quinnesec  Falls.  Their  appearance,  as  far  as  it  can  be  shown  in  a  hand- 
specimen,  is  represented  in  Fig.  10,  p.  81. 

The  manner  in  which  the  round  ^res  of  the  spheroidally  parted 
greenstones  in  some  cases  have  been  drawn  out  into  interlacing  lenses, 
has  already  been  noted  (p.  177). 

Stretching  action  may  sometimes  produce  a  banding  in  massive  rocks. 
This  is  especially  the  case  with  acid  types,  like  granite  and  quartz  por- 
phyry. ExampI  es  of  this  are  to  be  found  among  the  acid  dikes  near 
the  Horse  Eace  and  in  the  vicinity  of  Marquette,  but  the  most  indubi- 
table evidence  of  stretching  iu  these  rocks  is  contained  iu  their  micro- 
scopic structure,  and  must  therefore  be  reserved  for  description  in  the 
following  section. 

MIOEOSTRUCTUBAL  METAMOBPHISM  OF  THE   MENOMINEE  AND  MAB" 

QUETTE  MASSIVE  BOOKS. 

Where  profound  mechanical  and  chemical  changes  have  gone  on  si- 
multaneously in  rock  masses,  the  final  product  may  be  wholly  different 
from  the  original  starting  point.  Sedimentary  and  eruptive  rocks  seem 
to  approach  each  other  more  and  more  nearly,  the  longer  they  are  ex- 
posed to  the  same  metamorphosing  influences.  In  many  cases  the  deri- 
vation of  certain  schists  can  never  be  definitely  settled ;  in  other  cases, 
however,  where  the  field  evidence  is  insufficient  to  decide,  the  micro- 
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scope  may  yield  reliable  data  for  settling  the  origin  of  donbtfal  crystal- 
line scbists.  Characteristic  minerals  or  structures  may  often  be  de- 
tected under  the  microscope  after  every  original  feature  visible  to  the 
unaided  eye  has  been  obliterated. 

In  stating  the  results  of  dynamic  action  observed  with  a  microscope 
in  the  Lake  Superior  rocks,  we  may  speak  first  of  the  effect  upon  individ- 
ual minerals,  and  then  of  new  structures  produced.  As  a  rule,  those 
minerals  and  rocks  which  are  hardest  ^nd  most  brittle  are  found  to 
exhibit  these  mechanical  effects  most  perfectly. 

EFFECTS  OF  DYNAMIC  ACTION  ON  INDIVIDUAL  MINERALS. 

Quartz. — We  find  corroborative  evidence  of  the  fact  stated  by  others 
that  quartz  is  frequently  more  sensitive  to  pressure  than  feldspar.  In 
the  quartz  porphyry,  No.  11707,  for  instance  (see  PL  XV,  fig.  2), 
which  has  undergone  a  violent  stretching,  the  feldspar  crystals  appar- 
ently exhibit  no  resultant  phenomena,  if  we  except  the  presence  in  their 
center  of  microcline  as  a  possible  product  of  strain ;  the  quartjz  crystals, 
on  the  other  hand,  show  an  unusual  amount  of  deformation.  In  some 
cases  they  are  pinched  out  into  pear  or  spindle  shaped  areas  with  an 
nndnlatory  extinction;  while  in  other  cases  they  are  much  more 
elongated,  but  show  that  this  result  has  not  been  reached  without  a 
crushing  and  displacement  of  their  original  substance  (granulation). 
The  fragments  are  converted  into  a  mosaic  of  interlocking  grains  by  the 
readiness  with  which  silica  is  dissolved  and  deposited.  Quartz  that  is 
more  or  less  optically  disturbed  is  almost  universal  in  the  acid  rocks 
examined,  showing  that  hardly  any  of  them  have  been  entirely  free  from 
mechanical  strains.  That  the  quartz  grains  in  the  granite  No.  11104 
are  not  all  original  is  proved  by  the  little  tourmaline  crystal,  which  is 
^fractured  and  faulted  at  the  junction  of  two  of  them,  as  depicted  in  Fig. 
13,  p.  112. 

Feldspar. — ^The  first  effect  of  strain  on  feldspar  is  to  produce  an  un- 
dulatory  extinction.  This  cannot,  however,  be  carried  as  far  as  it  is  in 
quartz,  because  the  tension  is  here  able  to  relieve  itself  by  molecular 
movements  and  the  consequent  formation  of  twinning  lamellae.  Sev- 
eral cases  were  encountered  where  the  gridiron  or  microcline  structure 
appears  to  have  been  secondarily  developed  in  a  potash  feldspar  by 
this  means,  as  in  the  granites  Nos.  11104  and  11710  and  in  the  schist- 
ose quartz  porphyry  No.  11707.  Such  a  production  of  secondary  or 
strain  lamellae  in  the  triclinic  feldspars  is  by  no  means  unusual. 

Where  the  mechanical  action  is  too  intense  to  produce  mere  optical 
disturbance  or  molecular  gliding  without  rupture,  the  force  of  cohe- 
sion is  entirely  overcome  and  the  feldspar  is  fissured  or  crushed.  In 
case  the  force  is  exerted  as  a  tension,  the  fragments  thus  formed  are 
separated,  and  the  spaces  between  them  are  filled  with  secondary  crys- 
tallizations, especially  chlorite.  In  other  cases  the  fragments  are  merely 
faulted  against  one  another.  Such  examples  of  stretched  and  faulted 
ftldspar  are  very  abundant  in  the  schistose  greenstones  and  acid  rooks 


^ 


206  GREENSTONE    SCHIST   AREAS    OF   MICHIGAN.  [bull.  62 

of  the  Menomiuee  ainl  Marquette  districts.  It  is  generally  possible  to 
recognize  what  fragments  once  belonged  together,  as  may  be  seen  by 
an  inspection  of  PI.  IX,  fig.  2,  PL  XI,  fig.  2,  PI.  XIV,  figs.  1  and  2,  and 
Fig.  11  on  p.  105.  Even  in  very  schistose  rocks,  which  are  in  other  re- 
spects chemically  much  altered,  these  broken  feldspars  are,  as  a  rule, 
unexpectedly  fresh ;  a  fact  which  will  receive  particular  attention  in  the 
succeeding  section^ 

If  the  Qiechanical  force  is  still  greater,  a  pulverizing  or  granulation  of 
the  feldspar  ensues.  This  is  always  accompanied  by  chemical  action, 
consisting  of  more  or  less  complete  solution  and  recrystallization.  In 
this  way  the  substance  is  molded  into  new  forms,  which  accord  better 
with  the  existing  strains. 

Such  a  partial  granulation  of  a  large  porphyritic  feldspar  crystal,  pro- 
ducing one  of  the  lenticular  "  Augen  ^  of  the  metamorphic  gneisses  of 
the  Horse  Bace,  is  shown  in  PI.  XY,  fig.  1. 

In  the  process  of  feldspar  granulation  the  calcium  is  frequently  re- 
moved, and  the  secondary  mosaic  is  largely  composed  of  albite.  as  was 
first  shown  by  Lessen. 

Pyroxene. — ^Diallage  is  very  subject  to  mechanical  deformation.  On 
account  of  its  relative  softness  and  flexibility  this  consists  mostly  of  the 
bending  or  twisting  of  the  crystals,  or  in  the  occasional  production  of 
twinning  lamellae.  These  phenomena  may  be  well  seen  in  the  almost 
colorless  diallage  of  the  Sturgeon  Falls  gabbro.  Pyroxene  exists  in  no 
other  of  the  rocks  examined  except  in  those  which  are  too  young  to 
show  any  effects  whatever  of  dynamic  action. 

flbrn&Zcn^.— Certainly  in  a  large  majority  and  possibly  in  all  the 
rocks  which  I  have  studied  from  northern  Michigan,  hornblende  is  a 
secondary  product ;  since,  then,  it  is  a  result  of  metamorphism,  it  is  not 
strange  that  we  rarely  see  in  it  the  effects  of  that  mechanical  action 
which  caused  the  metamorphism. 

Mica, — On  account  of  its  flexibility  mica,  like  diallage,  would  be  well 
fitted  to  exhibit  mechanical  phenomena ;  but  the  fact  that,  like  the 
hornblende,  it  is  mostly  a  secondary  mineral  in  those  rocks  to  which 
we  have  here  devoted  our  attention,  prevents  such  deformations  from 
being  common. 

Zircon^  Tourmaline^  etc, — These  minute  products  of  the  first  crystalli- 
zation in  the  rock  are  often  found  to  be  broken  or  faulted  by  mechani- 
cal action,  as  is  shown  in  Fig.  13,  p.  112,  and  Fig.  18,  p.  122. 

Ilmenite. — The  iron  minerals,  on  account  of  their  opacity,  of  coarse 
can  eichibit  no  optical  disturbance,  but  their  grains  are  frequently  torn    . 
apart  just  like  the  feldspar  crystals.    This  has  been  described  in  nam- 
erous  instances,  and  it  is  represented  in  PI.  XI,  fig.  2. 

NEW  STRUCTURES  PRODUCED  BY  DYNAMIC  ACTION. 

Whenever  the  crushing  of  rocks  by  dynamic  agencies  is  accompanied, 
as  it  almost  always  is,  by  chemical  action  and  the  production  of  new 
minerals^  these  must  arrange  themselves  in  accordance  with  the  exist- 
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ing  strains.  These  secondary  miuerals  are  such  as  themselves  possess 
a  very  perfect  cleavage;  their  production,  therefore,  uuder  circumstauces 
of  uniform  and  continued  strain,  will  naturally  impart  a  fo)iation  to 
the  originally  massive  rock.  Nor  is  this  all.  The  relief  of  the  strain 
and  the  consequent  crushing  of  the  rock  will  take  place  along  certain 
planes  much  more  completely  than  along  others;  hence  in  these  planes 
the  secondary  minerals  will  be  more  abundant,  and  a  banding  of  a  once 
homogeneous  rock  may  result. 

The  final  structures  produced  in  this  manner  depend  not  altogether 
upon  the  force  exerted,  but  also  upon  the  )>riuMiry  structure  of  the  rock. 

The  rubbing  together  of  individual  crystal  grains,  the  adhesion  be- 
tween which  is  weaker  than  their  own  internal  cohesion,  may  produce 
a  pulverizing  only  around  the  edge,  when  the  force  is  not  too  intense. 
This  phenomenon,  to  which  Professor  Kjerulf  has  applied  the  term 
^^ peripheral  granulation"  (randliche  Kataklase),^  may  bring  about  a 
sort  of  pscudo-poi-phyritic  structure,  in  which,  however  the  porphyritic 
crystals  are  only  the  larger  remnants  of  the  former  grains  without  a 
crystal  form  of  their  own  ;  or,  if  the  crushing  has  been  less,  the  grains 
may  appear  to  be  held  together  by  a  fine  granular  cement,  like  the 
stones  of  a  wall  by  their  mortar.  Hence  Professor  Tornebohm  has 
spoken  of  this  as  the  "  mortar  structure''  (Mortel  Structur).*  Many 
admirable  examples  of  these  structures  are  to  be  seen  in  the  Menominee 
and  Marquette  rocks,  especially  in  those  of  an  acid  character.  There 
may  be  particularly  mentioned  the  granite  from  the  great  area  south 
of  the  Menominee,  No.  11104;  Nos.  11189  and  11100  from  acid  dikes  at 
the  Horse  Kace;  Nod.  11678  aqd  11710  from  the  Brook  Section,  near 
Marquette.  In  the  first  instance,  a  distinct  micropegmatitic  structure 
is  a  noticeable  feature  of  the  granular  cement. 

If  the  original  structure  of  the  rock  was  porphyritic  instead  of 
granitic,  we  find  corresponding  differences  in  the  result.  The  ground- 
mass  is  made  schistose  by  the  development  out  of  its  feldspar  of  sericite 
or  chlorite.  The  porphyritic  crystals  are  more  or  less  granulated,  but 
the  secondary  mosaic  thus  formed  is  often  coarser  in  grain  than  the 
groundmass.  This  is  arranged  around  the  remnant  of  the  original 
crystal  in  a  lenticular  area  known  as  the  "eye,"  or  "AugCy^in  rocks 
called  by  the  Germans,  on  account  of  this  structure,  Augengneiss.  (See 
PI.  XV,  fig.  1.)  Unusually  beautiful  examples  of  this  kind  are  to  be 
found  among  the  acid  dikes  along. the  shores  of  the  Horse  Race — 
especially  specimens  numbered  11184  and  11196.  In  some  of  the 
schists  which  have  been  derived  from  the  Sturgeon  Falls  gabbros  a  sim- 
ilar structure  is  present. 

Where  secondary  micaceous  minerals  have  been  developed  in  sinuous 
bands  which  interlace  and  twine  about  abundant  oval  cores,  a  lenticu- 


>6mndQeldfiprofllet  red  Mjosens  ajdende.  Kyt  M<ig.  for  KaiurTidenskabenio,  vol.  29,  p.  215, 1886 
(Venea  Jahrbuoh  fur  Mineral.,  1886.  vol.  2,  Referate,  p.  244.) 

*N&gi»  ord  om  gnmit  ooh  gneis.  Geol.  Foren.  Stockholm  F^rliandl,  vol.  5,  pp.  233-248.  (Neaes. 
Jsbrbaoli  for  Mineral.,  1881,  vol.  2,  Referate,  p.  50.) 
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lar  stracture  is  prodaced,  in  which  there  is  no  contrast  between  gronnd- 
mass  and  porphyritic  crystals.  This  is  called  by  the  Germans  "  Piaser '' 
structure,  a  term  which  may  advantageously  be  transferred  to  the  Eng- 
lish. It  is -often  the  case  that  a  structure  of  this  kind  is  so  fine  as  to  be 
visible  only  under  the  microscope,  when  the  designation  ''  microflaser 
structure"  is  applicable.  Examples  of  this  lenticular  interlacing  are 
abundant  in  the  schistose  greenstones  of  northern  Michigan.  It  is  es- 
pecially typical  in  the  Sturgeon  Falls  schists,  and  in  those  at  Lower 
Quinneseo  Falls ;  it  may  also  be  well  seen  in  the  granite  at  the  mouth 
of  the  Dead  fiiver,  north  of  Marquette. 

In  rocks  that  have  been  subjected  to  a  great  tension,  a  peculiar  micro- 
scopical structure  has  been  developed,  caused  by  the  rupture  of  the 
original  crystals  and  a  pulling  apart  of  their  fragments.  Between  these 
chlorite  is  formed,  the  scales  of  which  are  parallel  to  one  another  and 
to  the  direction  of  the  stretching.  This  chlorite  appears  to  have  re- 
sulted from  the  recrystallization  of  the  substance  of  the  original  bisili- 
cates,  sinqe  no  trace  of  these  now  remains,  although  the  broken  feldspar 
is  always  remarkably  fresh.  There  must  be  something  in  the  dynamic 
action  of  an  intense  tension  particularly  conducive  to  the  formation  of 
this  chlorite,  for  exactly  this  modification  of  this  mineral  was  not  en- 
countered in  rocks  produced  in  any  other  way.  Its  presence,  of  course, 
brings  out  a  decided  schistose  structure.  Excellent  examples  of  this 
phase  of  structural  metamorphism  abound  in  the  Menominee  and  Mar- 
quette greenstones,  although  I  do  not  know  that  anything  exactly  like 
it  (particularly  when  taken  in  connection  with  the  remarkable  freedom 
of  the  broken  feldspar  from  all  signs  of  chemical  change)  has  ever  been 
described  before.  It  is  illustrated  in  PI.  XI,  fig.  2.  The  widely  dif- 
ferent results  produced  in  the  same  greenstone  by  chemical  action  alone 
on  the  one  hand,  and  by  this  agency  combined  with  stretching  on  the 
other,  are  shown  in  PI.  IX,  figs.  1  and  2.  The  same  thing  is  admi- 
rably seen  in  two  specimens  (Nos.  11651  and  11652)  from  the  Cleveland 
ore  dock  in  Marquette.    (See  p.  168.) 

If  we  could  desire  any  more  certain  proof  that  these  "  stretching 
structures"  are  of  secondary  origin,  developed  in  an  already  solid  rock, 
we  should  find  it  in  JTo.  11803  (PI.  XIV,  fig.  2).  Here  the  porphyritic 
feldspar  crystals  lie  in  the  groundmass  at  every  conceivable  angle,  show- 
ing that  at  the  time  they  were  formed  there  was  no  force  to  afi'ect  their 
orientation*  Their  breaking  and  tearing  asunder,  however,  in  every 
case,  has  taken  place  in  the  direction  of  the  foliation  or  stretching, 
without  the  least  reference  to  the  position  of  the  feldspar  crystal  itself. 

MINBEALOGIOAL    (CHEMICAL)    METAMORPHISM   OF    THE    MENOMINEE 

AND  MABQUETTB  ROCKS. 

Chemical  alteration  may  go  on  to  almost  any  extent  in  massive  rocks, 
unattended  by  any  mechanical  deformation;  and  yet  certain  .chemical 
changes  in  rock-forming  minerals  s^emto  bo  dependent  upon  the  phyg* 
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ical  conditions  produced  by  great  orographic  strains.  It  is  easy  to 
understand  how  the  crushing  of  a  rock  should,  as  a  rule,  accelerate 
chemical  activity  by  increasing  the  circulation  and  possibly  by  raising 
the  temperature  by  friction ;  but  more  than  this,  we  find  that  of  several 
different  alterations  to  which  a  given  mineral  is  subject,  certain  ones 
are  never  found  except  in  those  regions  where  dynamic  action  has  been 
intense. 

It  is  true  that  the  same  secondary  mineral  may  be  produced  in  differ.' 
ent  ways.  It  may  result  from  the  same  original  mineral  under  different 
conditions,  or  from  different  minerals  under  the  same  conditions,  or  from 
different  minerals  under  different' conditions.  It  may  also  sometimes 
be  derived  from  a  single  substance,  and  sometimes  from  a  reaction  be- 
tween two  or  more  substances.  On  account  of  the  small  number  of 
elements  which  enter  into  the  composition  of  rock-forming  minerals, 
their  physical  differences  are  due  mostly  to  the  different  proportions  iu 
which  these  elements  are  combined.  Very  slight  variation  in  condi- 
tions may  modify  these  proportions  and  so  produce  one  mineral  or 
another.  Even  in  exactly  the  same  chemical  compound,  what  may  be 
a  stable  state  under  one,set  of  conditions,  may  be  an  unstable  state 
under  another  set.  So  delicate  is  this  adjustment  that  the  secondary 
minerals  produced  in  a  given  case  depend  not  merely  npon  the  chem- 
ical composition  of  the  original  rock  or  of  its  constituents,  but  even  to 
a  greater  degree  upon  the  physical  conditions  obtaining  at  the  time  of 
their  formation.  Thus  with  every  change  of  these,  one  generation  of 
secondary  minerals  may  give  place  to  another. 

Such  a  succession  of  alterations,  each  dependent  upon  its  own  set  of 
conditions,  tends  to  obscure  the  life  history  of  a  rock  mass ;  and  yet,  in 
spite  of  its  complexity,  this  study  is  full  of  promise.  It  is  generally 
possible  to  separate  the  products  of  metamorphism  proper  from  those 
of  weathering,  as  described  in  Chapter  I  (see  p.  36).  All  the  massive 
rocks  of  the  Menominee  and  Marquette  regions  offer  admirable  op- 
portunity for  the  study  of  the  first  of  these  alterations,  while  the  more 
basic  types  often  present  the  subsequent  effects  of  weathering. 

In  reviewing  and  summing  up  the  results  of  chemical  alteration 
already  described  at  length,  it  will  be  advantageous  first  to  enumerate 
the  minerals  of  secondary  origin,  stating  briefly  the  circumstances  un- 
der which  each  was  probably  formed,  and  second  to  trace  out  the  differ- 
ent phases  of  alteration  to  which  each  of  the  more  important  original 
constituents  haB  been  subjected. 

SECONDARY  MINERALS  AND  THEIR  ORIGIN. 
FB0DUCT8  OP  MBTAMORPUIBM. 

Feldspar. — This  mineral  is  not  common  as  a  secondary  product  ex- 
cept in  the  form  of  albite,  which  as  Lessen  has  shown  (see  Chap.  I.  p.  60) 
is  s^  very  characteristic  result  of   dynamic  metamorphism.    In    the 
Sturgeon  Falls  gabbro  albite  is  a  common  secondary  mineral,  both  as 
Bull.  (52 14 
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the  base  of  sau&surite  and  in  the  form  of  clear,  transparent  veins.  Here 
the  twinning  structure  is  not  frequent,  but  It  may  be  seen  in  some  of  the 
veins,  as  is  shown  in  Fig.  4,  p.  69.  Albite  in  the  form  of  a  fine  gran- 
ular mosaic,  with  or  without  quartz  also  occurs  in  many  of  the  altered 
diabases.  Its  substance  is  so  clear  and  glassy  as  to  leave  no  doubt 
about  its  being  a  secondary  product. 

Microcline  as  a  secondary  mineral  is  to  be  referred  rather  to  the  effect 
bf  pressure  twinning  than  to  chemical  alteration. 

SausHurite  (Chapter  I,  i).  58)  is  not  a  simple  mineral,  but  a  mixture 
derived  from  the  alteration  of  the  lime-soda  feldspars.  It  is  abundant 
in  the  more  basic  rocks  of  the  Menominee  and  Marquette  regions — ^ia 
the  gabbros  of  Sturgeon  Falls  and  in  many  diabases  and  diorites.  The 
base  is  a  clear,  soda  feldspar  (albite)  which  contains  zoisite  needles,  or 
more  rarely  epidote  and  colorless  garnet.    (No.  11189,  p.  108.) 

Zoisite  occurs  only  as  one  of  the  constituents  of  saussurite  above 
described.  It  is  in  the  form  of  minute  needles,  without  terminations, 
as  shown  in  Figs.  5  and  6  (pp.  C9,  70).  These  differ  much  in  size,  and 
between  crossed  nicols  display  dull  bluish  interference  colors.  When 
the  zoisite  needles  are  very  small  the  saussurite  is  a  gray  opaque  mass, 
which  only  the  highest  power  of  the  microscope  is  able  to  resolve. 

Garnet  was  observed  only  once,  in  minute  colorless  crystals,  forming, 
along  with  epidote,  one  of  the  constitutents  of  the  saussurite  in  speci. 
men  No.  11189.  (see  p.  108). 

Quartz  is  a  widespread  secondary  mineral.  It  often  originates  from 
the  breaking  up  of  the  more  acid  feldspars,  like  orthoclase.  It  may  also 
originate  from  the  lime-soda  feldspars.  Primary  and  secondary  quartz 
sometimes  present  an  identical  appearance.  In  some  of  the  Lake  Su- 
perior diabases  quartz  seems  to  be  an  original  component,  and  in  others 
of  the  more  altered  ones  it  is  certainly  of  secondary  origin.  In  a  few 
intermediate  cases  its  origin  must  always  remain  doubtful.  Owing  to 
the  ease  with  which  silica  is  transported  in  solution,  that  which  is  set 
free  by  the  decomposition  of  the  silicates  is  often  entirely  removed  from 
the  rock  or  is  deposited  in  seams.  In  at  least  one  instance  a  bro^n 
isotropic  substance  resembling  opal  was  observed  (the  gabbro  from 
Eureka  Shaft  near  Marquette  p.  170). 

Hornblende, — Although  there  is  reason  for  considering  the  hornblende 
in  some  of  the  Menominee  and  Marquette  greenstones  as  a  primary 
constituent,  still  there  can  be  no  doubt  that  this  mineral  is  also  the  most 
important  secondary  component  of  these  rocks.  In  a  fibrous  form  as 
uralite,  amianth,  etc.,  hornblende  is  almost  the  sole  representative  of 
the  former  pyroxene  in  the  more  altered  and  schistose  diabases,  and  the 
same  mineral  seems  also  to  be  the  final  metamorphic  product  of  the 
compact  hornblende  in  the  diorites.  Indeed,  the  schistose  structure 
of  these  rocks  is  largely  due  to  the  production  of  fibrous  hornblende  and 
lamellar  minerals  of  the  mica  type,  and  to  their  arrangement  parallel 
to  a  single  i)lane.    The  components  of  the  secondary  fibrous  hornblende 
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are  mainly  derived  from  some  bisilicate,  like  pyroxene  or  compact 
hornblende,  bat  its  position  is  by  no  means  confined  to  the  area  formerly 
occtrpied  by  these  substances.  On  the  contrary,  the  material  shows  a 
tendency  to  wander,  and  to  develop  amphibole  needles  along  the  cleav- 
age cracks  of  the  feldspar,  as  seen  in  Plate  XII,  fig.  2.  This  mny  even 
become  filled  with  the  hornblende,  as  in  the  epidiorite,  No.  11663,  from 
Pine  street,  Marquette,  and  the  whole  rock  be  finally  reduced  to  a  fine, 
felt-like  mass,  as  shown  in  Plate  IX,  fig.  1. 

Compact  hornblende  also,  both  brown  and  green,  appears  to  have  re- 
sulted extensively  in  the  greenstones  from  the  direct  alteration  or 
molecular  rearrangement  of  pyroxene.  Such  ^  change  has  often  been 
recorded,  as  stated  in  Chap.  I.  Indeed,  the  probability  that  much  of 
the  pyroxene  of  the  original  rocks  has  passed  into  fibrous  green  horn- 
blende through  an  intermediate  9tage  of  compact  hornblende  has  already 
been  alluded  to  (p.  72).  The  brown  or  basaltic  variety  is  to  be  found 
associated  with  the  diallage  of  the  Sturgeon  Falls  gabbro,  as  shown  in 
PI.  VIII,  figs.  1  and  2 ;  also  in  the  porphyritic  rock  from  the  western 
end  of  the  "  gabbro  ridge,"  near  Little  Quinnesec  Falls,  on  the  Meno- 
minee. The  compact  green  hornblende  of  l^os.  11176  and  11178,  from 
the  Four-Foot  Fall,  and  of  many  of  the  Horse  Race  diorites,  has  pre- 
cisely the  form  of  diabasic  angite ;  and  in  spite  of  its  compact  structure 
shows  in  its  pale  color  and  darker  green  border  clear  evidence  of  its 
secondary  origin.^  The  pale  compact  hornblende  of  the  barrier  rock 
at  Upper  Quinnesec  Falls  (No.  11054)  looks  exactly  like  diallage,*  and 
under  the  microscope  its  most  exceptional  orthopinacoidal  parting 
bears  testimony  to  its  derivation  from  this  mineral.    (See  p.  103.) 

The  manner  in  which  the  compact  hornblende  ravels  out  and  becomes 
fibrous  is  often  clearly  seen  in  the  Lake  Superior  greenstones,  and  is 
shown  in  PL  XII,  fig.  1,  and  in  Fig.  19  on  p.  126. 

Upidote  is  a  common  metamorphic  mineral,  and  appears  almost  al- 
ways in  small  but  well  formed  yellowish  crystals.  It  sometimes  forms 
one  of  the  constituents  of  saussurite,  but  far  less  frequently  than  zoisite, 
as  more  iron  is  necessary  for  its  genesis.  In  one  case,  No.  11091,  the 
feldspar  of  a  coarsely  granular  rock  from  the  Horse  Kaoe,  seems  wholly 
changed  to  large  individuals  of  epidote,  while  the  pyroxene  has  given 
place  to  corresponding  areas  of  a  rather  compact  greenish  hornblende  (p. 
108).  In  No.  11712,  from  the  Brook  Section,  near  Marquette,  the  change 
of  the  feldspar  to  epidote  is  less  complete.  Epidote  more  commonly 
results  from  the  alteration  (perhaps  weathering)  of  some  ferrous  bisili- 
cate. Here  it  is  generally  in  association  with  bright  green  chlorite  in 
the  form  of  the  characteristic  aggregate  described  in  Chap.  I  (p.  6Q), 
This  is  very  common  in  many  of  the  more  altered  greenstones  of  the 
regions  studied.    (See  PI.  XI,  fig  1.) 

>  See  PL  XII,  fi^.  2 ;  and  cf.   Loasen :  £rlaut.  zur.  geol.  Spocinlkarte  von  PreubHeo.  Blatt  Harz- 
ICejrode,  1882,  p.  81;  and  Williams'  Hull.  U.  S.  Geol.  Surviy,  No.  28,  PI.  I,  fig.  2;  PI.  II,  flg.  1,1886. 
*cf.  H.  Crodner:  Neues  Jahrbuch  fiir  Mineral.,  1870,  p.  972. 
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Biotite  originates  under  certain  circumstances  from  hornbleude.  This 
is  an  alteration  well  known  to  mineralogists^^  and  may  be  admirably 
seen  in  several  of  the  Horse  Race  diorites  and  in  the  curious  amphi- 
bole  granite,  No.  11831,  figured  in  PL  XVI,  fig.  2. 

Muscovite,  ^ericite, — The  potash  micas  hold  a  similar  place  in  relation 
to  orthoclase,  as  a  product  of  dynamic  metamorphism,  that  saussurite 
does  to  the  lime-soda  feldspars.  In  some  specimens,  as  for  instance  in 
the  granite  Ko.  11089  from  the  Horse  Bace  and  in  No.  11660  from  the 
so-called  gold  mine  near  Pine  street,  Marquette,  broad  plates  of  typical 
muscoviteare  developed  in  the  feldspar;  generally,  however,  the  alter- 
ation is  due  to  the  minute  scales  or  curved  foliar  called  sericite.  These 
two  minerals  are  quite  identical  in  composition  and  generally  in  origin, 
as  has  been  explained  in  Chap.  I.  The  development  of  sericite  may  be 
best  studied  in  the  schistose  porphyries,  which  owe  their  cleavage  to 
stretching.  These  are  abundant  in  both  the  regions  investigated, 
especially  at  Upper  Quinnesec  Falls  (see  Chap.  Ill,  and  PI.  XIV,  fig. 
1)  and  near  the  city  of  Marquette  (Chap.  IV).  While  the  production 
of  sericite  in  the  acid  rocks  is  for  the  most  part  the  result  of  intense, 
dynamic  action,  it  would  seem  as  though  it  were  especially  liable  to  re- 
sult, like  certain  varieties  of  chlorite  (see  below),  when  this  force  acted 
as  a  tension  rather  than  as  a  compression. 

Titanium  minerals.— The  metamorphosed  eruptive  rocks  of  the  re- 
gions studied  offer  unusual  opportunities  for  tracing  the  varied  trans- . 
formations  of  the  titanium  compounds.  It  is  doubtful  whether  this 
element  existed  in  the  original  rocks  in  any  other  form  than  titanic  iron 
(ilmfenite)  or  as  a  component  of  certain  biotites.  In  the  metamorphic 
rocks,  however,  titanium  minerals  are  numerous  and  their  origin  can 
be  traced  to  different  souices.  The  probable  derivation  of  rutile  and 
magnetite  from  ilmenite  may  be  seen  in  No.  11070,  from  Upper  Quin- 
nesec Falls  (PI.  XIII,  fig.  2),  and  also  in  No.  11825,  from  northwest  of 
Marquette  (p.  184).  The  little  "Thonschiefernadeln,"  shown  in  Fig.  12 
(p.  106),  seem  also  to  have  been  derived  from  ilmenites.  A  sagenitic 
network  of  rutile  produced  by  the  alteration  of  biotite  and  the  conse- 
quent freeing  of  titanic  oxide  is  seen  in  No.  11113, from  Iron  Mountain; 
in  No.  11672  from  Marquette ;  and  in  No.  11738,  from  near  Baldwin^s 
Kilns,  Kegaunee. 

Anatase,  along  with  leucoxene,  has  resulted  from  the  alteration  of 
ilmenite  in  No.  11130,  from  Twin  Falls  (Fig.  26,  p.  166)  and  in  Ko. 
11802,  north  of  Negaunee,  near  the  Carp  River.  Anatase  seems  also 
to  have  resulted  from  the  decompositon  of  titaniferous  biotite  in  NTos. 
11060  and  11052,  from  near  Upper  Quinnesea  Falls. 

Sphene  in  the  form  of  leucoxene  is  a  universal  result  of  the  alteration 
of  ilmenite  in  the  metamorphosed  diabases.  In  rare  cases,  like  No. 
11014,  from  Lower  Quinnesec  Falls,  it  is  intimately  associated  with 

>See  J.  Koth:  Allgemeiiie  undcheniiacho  Geologie,  vol.  1,  p.  333,  1879,  and  Inostranseff:  Metamor- 
phosirto  Gesteine  im  Goavennnent  Olonez,  1879,  p.  192. 
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rntile,  which  may  have  been  pi;oduced  simultaneously  with  the  altera- 
tion of  the  iencoxene,  or  have  resulted  from  it.  In  other  exceptional 
cases  the  product  of  the  ilmenite  appears  with  all  the  crystal  form  and 
physical  properties  of  rock- forming  sphene.  Such  an  occurrence  in  No. 
11189  from  the  Horse  Bace  is  shown  in  PI.  XIII,  fig.  1 ;  and  another 
in  No.  11831,  from  northwest  of  Marquette,  in  PI.  XVI,  fig.  2. 

The  secondary  minerals  thus  far  enumerated  are  products  of  meta- 
morphism  proper,  as  distinguished  from  weathering;  that  is,  they  are 
highly  crystalline,  and  have  been  produced  under  circumstances  very 
different  from  those  ordinarily  prevailing  at  the  earth's  surface.  Here 
the  tendency  is  for  the  more  crystalline  and  less  soluble  compounds  to 
become  more  soluble  through  union  with  water  and  carbon  dioxide. 
Hydration  and  carbonatization  are  therefore  characteristic  results  of 
surface  action  upon  rocks.  They  bring  about  their  disintegration  and 
decay,  as  purely  metamorphic  processes  do  not.  Both  metamorphism 
and  weathering  are  very  apparent  in  the  eruptive  masses  of  the  Me- 
nominee and  Marquette  regions.  The  rocks  of  Keweenaw  Point,  on 
the  other  hand,  show  only  the  effects  of  weathering.  In  spite  of  their 
great  antiquity  they  have  not  undergone  metamorphism  in  the  strict 
sense.  Much  younger  rocks  in  disturbed  areas  are  often  found  to  be 
intensely  metamorphosed,  which  clearly  shows  that  something  besides 
mere  lapse  of  time  is  necessary  to  accomplish  this  change.^ 

PB0DUCT6  OF  WEATBBRINa. 

The  secondary  minerals  in  the  Menominee  and  Marquette  massive 
rocks  which  owe  their  existence  to  atmospheric  action  or  weathering 
belong  mainly  to  the  following  species :  Chlorite,  talc,  serpentine,  car- 
bonates (calcite,  dolomite,  etc.),  iron-hydroxide,  and  pyrite. 

Chhrite  is  generally  a  product  of  weathering,  but  its  origin  is  some- 
times closely  associated  with  dynamic  agencies.  For  instance,  it  is  a 
constant  feature  in  the  basic  rocks  which  have  been  stretched  (like  se- 
ricite  in  the  more  acid  ones),  filling  with  its  parallel  folia  the  interstices 
between  the  broken  and  separated  fragments,  and  thus  imparting  a 
degree  of  schistosity  to  the  entire  mass,  (see  PI.  XI,  fig.  2.)  The 
ordinary  process  of  chloritizatiOn  has  been  described  in  Chapter  I,  and 
frequently  alluded  to  in  the  petrographical  descriptions,  since  it  is  ex- 
tremely common  in  the  basic  eruptives.  If  the  original  mineral  was  very 
I)oor  in  iron  an  almost  colorless  chlorite  was  the  result,  as  in  the  Stur- 
geon Falls  gabbro  (PI.  VIII,  fig.  2).  In  the  highly  ferruginous  dia- 
bases, on  the  other  hand,  the  chlorite  has  a  deep  green  color  and  is 
often  pleochroic.    This  is  the  **  viridite"  of  the  older  authors,  which  is 


*  The  efficiency  of  orographic  moTements  to  bring  abont  thia  resnlt  has  already  been  snfficiently 
emphasized.  The  observationa  of  Loaaen  that  similar  changes  may  be  pro<luced  by  the  contact  action 
of  large  masses  of  intrnaive  granite  have  been  briefly  referred  to  in  Chapter  I.  To  what  extent  the 
enormona  granite  areaa  lying  on  both  aidea  of  the  Marquette  and  Menominee  grconatone  belta  may 
liave  been  inatmmental  in  effecting  their  mineralogical  metamorphism  must  for  the  preaent  be  left 
imdeclded,  inaamnch  as  no  evidenoe  directly  bearing  apon  this  qaeation  haa  as  yet  been  collected. 
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frequently  associated  with  sharply  deflped  epidote  (secondary  augite  of 
Wichmann),  as  figured  in  PL  XI,  fig.  1.  Chlorite  seems  to  be  the 
common  effect  of  weathering  upon  pyroxene,  hornblende,  and  biotite. 

The  peculiar  variety  of  chlorite  known  as  "  helminth ''  in  vermiform 
9>ggtega,tes  occurs  imbedded  in  secondary  quartz  in  some  of  tfie  Stur-. 
geon  Falls  gabbros,  and  is  represented  in  Fig.  8  on  p.  71. 

Talc  results  in  some  cases  from  the  alteration  of  hornblende,  as  ob- 
served by  Tschermak,^  Inostranzeflf,^  Becke,^  and  the  writer.*  This  is 
not  a  common  phenomenon  in  the  Michigan  greenstones,  but  some  ad- 
mirable examples  were  observed  in  the  coarse  grained  diorites  of  the 
Horse  Eace  above  Upper  Quinnesec  Falls. 

Serpentine. — The  scarcity  of  olivine  in  the  rocks  examined  makes  the 
ordinary  derivation  of  serpentine  uncommon.  This,  however,  does  oc- 
cur in  some  of  the  least  altered  diabases  of  Marqnette.  Indeed,  ser- 
pentinization  is  almost  the  only  effect  of  weathering  noticeable  in  some 
specimens  from  the  great  dike  of  Lighthouse  Point  (olivine  diabase), 
certain  weakly  polarizing  fibers  resulting  from  the  change  of  hornblende 
appear  to  be  serpentine,  which,  according  to  Eosenbusch,*  frequently 
gives  rise  to  this  mineral.  An  instance  of  this  may  be  seen  in  Kos. 
11078  and  11191  from  the  Horse  Race  (p.  109), 

Carbonates. — These  most  frequent  products  of  weathering  abound  in 
the  most  altered  greenstones,  but  they  are  nevertheless  not  unfrequently 
absent  on  account  of  the  readiness  with  which  these  compounds  are 
removed  in  solution.  Galcite  and  dolomite  are  not  microscopically  dis- 
tinguishable without  a  chemical  reaction,  but  this  is  hardly  necessary 
for  most  cases. 

Iron-hydroxide  and  Pyrite  are  both  iron  compounds  universally  pro- 
duced in  basic  rocks  under  ordinary  atmospheric  influences.  The  Mich- 
igan greenstones  present  no  exception  in  the  amount  of  these  minerals 
which  they  contain. 

PROGRESS  OF  ALTERATION  IN  THE  ORIGINAL  MINERALS. 

Feldspar  gives  alteration  products  depending  very  largely  upon  its 
original  composition,  whether  alkaline  or  calciferous.  By  far  the  most 
common  change  in  the  more  basic  rocks  is  to  saussurite.  This  varies  in 
different  cases  from  a  comparatively  coarse  grained  zoisite  aggregate  to 
a  dull  gray,  almost  opaque  mass  which,  even  in  the  thinnest  sections, 
is  beyond  the  highest  power  of  the  microscope  completely  to  resolve. 
The  saussuritization  may  be  often  seen  to  have  proceeded  from  the 
periphery  of  the  feldspar  crystal  inward.  In  such  cases  a  compara- 
tively unaltered  center  remains,  as  in  No.  11168  from  Sturgeon  Falls. 
(PI.  VIII,  fig.  2).    Quite  as  frequent  is  the  occurrence  of  a  clear  per- 


*  Tschermak'a  mineral,  a.  petrog.  Mittheil.,  vol.  4,  p.  66,  1876. 
*MetAmorphosirte  Gesteine  im  Gouvemment  OloDez,  Leipzig,  1879,  p.  167. 
'Tschermak's  mineral,  a.  petrog.  Mittheil.,  vol.  4,  1882,  pp.  339  and  349. 
♦Ball.  U.  S.  Geo!.  Survey,  No.  28,  p.  58, 1886, 
*MikT08.  Phjsiog.,  2d  ed.,  vol.  2,  p.  108. 
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iphery  aroand  feldspar  crystals  which  have  been  completely  saussiiri- 
tized.  (See  :So.  11167  from  Sturgeon  Fails  (PL  VIII,  fig.  1);  Ko. 
11054 from  Upper  Qainnesec  Falls,  and  No.  11182  from  the  Horse  Eace.) 
The  clear  feldspar  substance  in  such  cases  appears  like  a  new  crystalli- 
zation rather  than  an  unaltered  survival  of  the  original  individual  (cf. 
Fig.  4,  p.  69). 

The  inverse  ratio  existing  between  the  mechanical  and  the  chemical 
action  visible  in  the  altered  feldspars  of  the  basic  rocks  has  been  often 
alluded  to  on  pp.  88, 169.  This  seems  to  be  the  reverse  of  what  might 
be  exi>ected^  as  well  as  of  what  is  actually  observed  in  the  case  of  all 
the  other  constituents.  It  is,  however,  frequently  the  fact  that,  in  a 
continuous  rock  mass,  feldspar  is  most  completely  saussuritized  wh^ch 
occurs  in  the  least  crushed  portion,  while  the  rock  which  is  most  broken, 
stretched,  and  foliated  retains  its  feldspar  fragments  in  a  quite  fresh 
and  unaltered  condition.  That  this  fresh  feldspar  is  not  a  new  crys- 
tallization, is  proved  by  the  fact  that  fragments  can  often  be  seen  to 
have  once  fitted  together,  as  portions  of  one  individual,  before  the 
crushing  took  place.  Among  many  sections  in  which  this  x)henomenon 
can  be  observed  may  be  mentioned  :  The  Sturgeon  Falls  gabbro;  the 
rocks  of  the  diorite  ridge  near  the  Lower  Quinnesec  Falls;  Nos.  11004, 
11010,11019,  and  11102  from  just  below  the  Lower  Quinnesec  Falls; 
Nos.  11054,  11073,  and  11056  (see  Fig.  11)  from  Upper  Quinnesec  Falls; 
No.  11179  from  Four-Foot  Falls,  and  Nos.  11651  and  11652  from  the 
Cleveland  ore  dock  in  Marquette. 

Such  observations,  made  at  many  widely  separated  localities  within 
the  Menominee  and  Marquette  greenstone  areas,  would  at  first  thought 
seem  to  indicate  that  there  is  a  reciprocal  relation  between  the  chemical 
and  mechanical  effects  produced  by  great  pressure.  In  other  words, 
that  the  force  which  in  the  ra  assive  portion  of  the  rock  caused  increased 
chemical  action  and  alteration  of  the  feldspar  to  saussurite,  was  ex- 
pended, in  another  part,  in  the  work  of  crushing.  The  fact,  however, 
that  the  blsilicate  constituents  are  more  altered  in  the  crushed  bands 
than  in  the  other  part  of  the  rockmass  is  opposed  to  such  an  explana- 
tion, and  seems  rather  to  indicate  that  the  more  ready  alteration  of 
these  andtheproductionof  such  minerals  as  fibrous  hornblende,  chlorite, 
and  talc,  formed  a  soft  matrix  which  protected  the  feldspar  from  the 
further  action  of  pressure  and  chemical  action. 

A  totally  different  alteration  from  saussuritization  is  sometimes  ob- 
served in  the  feldspars  of  the  more  basic  eruptives.  This  consists  of 
their  change  to  green  hornblende  needles,  and  can  of  course  occur  only 
where  a  portion  of  the  necessary  elements  is  furnished  by  some  bisili- 
cate.  These  elements  (i.  e.,  magnesium  and  iron)  wander  along  the 
cleavage  cracks  of  the  feldspar,  causing  the  development  of  the  needles 
as  shown  in  PI.  XII,  fig.  2.  A  very  complete  instance  of  this  change 
is  shown  in  the  epid  iorite,  No.  11663,  from  Pine  street,  Marquette. 

Still  another  alteration  of  the  plagioclase  is  to  epidote.    This  is  com* 
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plete  in  No,  11091  from  tlje  Horso  Eace,  and  partial  in  No.  11712  from 
the  Brook  Section,  near  Marquette. 

While  thelime  feldspars  change  to  zoisite,  epidote,  or  hornblende,  the 
alkaline  feldspars  show  a  corresponding  tendency  to  pass  into  mica 
(sericite).  This  process  is  most  commonly  central,  the  periphery  of  a 
crystal  remaining  intact  after  the  interior  is  completely  altered,  as  may 
be  seen  in  No.  11104,  the  granite  from  south  of  Upper  Quinuesec  Falls. 
This  same  specimen  exhibits  an  interesting  phase  of  the  inverse  ratio 
existing  between  the  mechanical  and  the  chemical  action  in  the  acid 
feldspar.  Microcline  seems  to  have  been  abundantly  developed  from 
orthoclase  by  pressure  but  while  the  orthoclase  itself  is  sericitized,  the 
microcline  never  shotcs  a  trace  of  this  change. 

Pyroxene  is  comparatively  rare  in  the  rocks  studied,  occurring  only 
as  diallage  in  the  Sturgeon  Falls  gabbro,  and  as  augite  in  the  younger 
Marquette  diabases;  nevertheless,  from  the  structure  of  many  of  the 
other  rocks,  we  may  affirm  with  certainty  that  they  once  contained  py- 
roxene, and  may  hence  trace  the  alterations  which  this  mineral  has  un- 
dergone. 

The  most  common,  and  indeed  the  almost  universal  change  of  the 
pyroxene  in  the  Menominee  and  Marquette  rocks  is  to  hornblende.  The 
compact  brown  hornblende  in  the  Sturgeon  Falls  gabbro  and  in  the 
porphyritic  rocks  from  the  west  end  of  the  ridge  near  Lower  Quinnesec 
Falls,  shows  strong  evidence  of  having  originated  from  pyroxene,  but 
this  can  not  perhaps  be  regarded  as  beyond  all  doubt.  Compact  green 
hornblende  appears  to  replace  original  diallage  in  the  gabbro-like 
diorite  which  forms  the  barrier  rock  at  Upper  Quinnesec  Falls  (see 
PI.  X,  fig.  1),  where  it  even  retains  the  orthopinacoidal  parting.  The 
same  mineral  likewise  seems  to  replace  original  augite  in  many  of  the 
Horse  Bace  diorites,  whose  structure  is  typically  diabasic. 

Fibrous  green  hornblende  or  uralite  is  too  common  and  well  known 
an  alteration  product  of  pyroxene  to  deserve  especial  description.  It 
is  universally  distributed  through  all  of  the  more  basic  rocks  in  the 
areas  investigated. 

A  colorless  chlorite  may  be  seen  originating  from  the  almost  color- 
less diallage  of  the  Sturgeon  Falls  gabbro,  as  shown  in  PI.  YIII,  fig. 
2.  From  the  varieties  of  pyroxene  which  are  richer  in  iron,  a  deep  green 
chlorite  results  which  is  often  associated  with  epidote,  as  shown  in  PL 
XI,  fig.  1. 

Hornblende. — Without  reference  to  the  original  or  secondary  origin  of 
the  hornblende  itself,  this  mineral  is  found  subject  to  several  different 
alterations. 

It  passes  from  the  compact  to  the  fibrous  form  by  fraying  out  at  the 
ends,  as  shown  in  specimen  No.  11175,  from  the  Four-Foot  Fall  (see 
Fig.  19,  p.  126).  It  also  seems  to  give  rise  to  biotite  in  many  of  the 
Horse  Bace  diorites  and  in  the  amphibole  granite.  No.  11831,  obtained 
at  the  camp  northwest  of  Marquette.     (See  PL  XYI.  fig.  2.)    Talc 
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frequently  is  produced  bj  horublende  alteration  in  the  Horse  Race 
diorites  as  described  in  Chap.  Ill  (p.  107).  A  colorless  chlorite,  closely 
resembling  that  produced  from  the  Sturgeon  Falls  diallage,  is  derived 
from  the  pale  hornblende  (itself  probably  paramorphic)  of  No.  11098, 
from  the  ridge  near  Lower  Quinnesec  Falls.  This  is  produced  in  spots 
over  the  hornblende  and  is  visible  only  by  its  isotropic  behavior  in  polar- 
ized light,  as  shown  in  Fig.  9  (p.  79).  The  viridite  (chlorite)  epidote 
aggregate  originates  from  hornblende  ju^t  as  it  does  from  pyroxene. 
Finally  serpentine  is  an  exceptional  result  of  hornblende  alteration,  as 
may  be  seen  in  specimens  11078  and  11191  from  the  Horse  Bace  (p.  109). 

Biotite  shows  the  usual  alterations  and  is  principally  the  result 
of  weathering  rather  than  of  metamorphic  processes.  Bleaching  first 
takes  place  and  then  chloritization.  Carbonates  are  sometimes  sepa- 
rated in  the  form  of  interpolated  lenses,  while  the  titanium  wl^ich 
entered  into  their  composition  separates  out  sometimes  as  anatase 
(Nos.  11050  and  11052  from  Upper  Quinnesec  Falls)  and  sometimes  as 
rntile.^  (Nos.  11113,  from  near  Iron  Mountain  in  the  Menominee  valley, 
No.  11672  from  Marquette  and  No.  11738  from  the  Brook  Section.) 

Olivine  occurs  only  in  a  few  of  the  Marquette  diabases,  where  its 
alteration  is  the  usual  one  to  serpentine. 

Ilmenite  is  the  last  of  the  important  original  constituents  of  the 
Menominee  and  Marquette  massive  rocks  whose  alterations  can  be 
clearly  traced.    This  gives  rise  to  a  variety  of  new  titanium  minerals 

Its  commonest  change  is  that  to  leucoxene,  which  is  everywhere 
encountered,  see  PI.  IX,  figs.  1  and  2. 

Sphene  or  titanite,  of  which  leucoxene  is  only  a  special  form,  some- 
times originates  from  ilmenite,  as  is  shown  in  PI.  XIII,  fig.  1,  and  in 
PI.  XVI,  fig.  2. 

Anatase  also,  in  association  with  leucoxene,  is  a  secondary  product 
of  ilmenite  alteration.  This  is  shown  in  Fig.  25  (p.  131)  of  No.  11130, 
from  Twin  Falls,  as  well  as  in  No.  11802,  one  of  the  stretched  agglom- 
erates on  the  Carp  Kiver.    (See  Chap.  V,  p.  177.) 

'On  the  frequency  of  these  changes  aee  Whitman  Cross :  "  Petrography  of  the  Leadville  Kocks" 
in  Moo.  U.  S.  Geol.  Snirey,  yoI.  12,  1887. 
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PLATE  VIII. 

Fig.  1. — 8au88urite  gabbro  {first  stage). 

From  point  h,  PI.  Ill,  at  Sturgeon  Falls,  Menominee  River,  Michigan.  Spc^cimen 
No.  U167a.    Ordinary  light.     (See  p.  68.) 

The  triclinic  feldspar,  which  shows  occasional  idiomorphic  forms  indicating  that 
it  is  in  part,  at  least,  older  than  the  pyroxene,  here  appears  almost  completely  altered 
to  an  opaque,  gray  saassurite.  A  high  magnifying  power  resolves  this  into  an  aggro- 
gate  of  minute  zoisite  needles,  calcite  and  albite.  These  are  somewhat  unevenly  dis. 
tribut-ed  which  produces  the  blotched  appearance  of  the  saussurite. 

The  diallage,  which  is  of  a  pale  green  color  in  the  hand-specimen,  is  almost  color- 
less when  seen  under  the  microscope.  Its  well  marked  orthopiuacoidal  parting  is  seen 
on  the  right  of  the  figure.  This  diallage  is  surrounded  by  a  border  of  compact  horn- 
blende, which  is  either  brown,  pale  green  or  colorless.  It  frequently  becomes  fibrous 
on  its  exterior  edge,  as  is  shown  in  Fig.  7,  on  p.  70.  Small  patches  of  compact  brown 
hornblende  are  also  abundantly  scattered  over  the  entire  surface  of  the  diallage  in  a 
manner  that  wonld  seem  to  indicate  that  it  had  originated  from  the  latter  by  para- 
morphism.  There  is  some  pale  green  chlorite  visible  in  the  upper  part  of  the  draw- 
ing and  on  the  right  is  a  bit  of  llmenite  and  leacoxene. 

Fio.  2. — Sausaurite  gahhro  (second  stage). 

From  point  /,  PI.  Ill,  at  Sturgeon  Falls,  Menominee  River,  Michigan.  Specimen 
No.  11154.    Represented  between  crossed  nicol  prisms.     (See  p.  72.) 

A  large  individual  of  the  pale  diallage  is  here  seen  in  an  advanced  stage  of  altera- 
tion to  a  colorless  chlorite.  Because  of  the  almost  isotropic  character  of  this  mineral, 
it  is  necessary  to  show  its  appearance  in  polarized  light.  Imbedded  in  the  chlorite 
are  remnant's  of  the  still  brightly  polarizing  diallage,  and  around  it  is  the  border  of 
hornblende,  which  hero  shows  pale  yellow  interference  colors. 

The  feldspar  is  less  completely  saussuritized  than  in  the  last  figure.  Its  character- 
istic twinning  lamellio  are  still  visible  in  many  instances,  particularly  at  the  center 
of  the  crystals. 
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PLATE  IX. 

Fig.  1,-^ Altered  diabase  or  diarite* 

From  the  so-oalled ''  Gabbro  Bldge,''  below  Lower  Qainnesec  Falls,  Menominee  Hi ver, 
Michigan.  Specimen  No.  11028.  Ordinary  light.^  (See  p.  81.) 
The  original  stracture  of  this  rook  has  been  completely  changed,  in  spite  of  its  still 
massive  character.  It  is  now  composed  of  pale  green,  fibrous  hornblende,  saussurite, 
quartz,  calcite,  chlorite,  ilmenitOy  and  lencoxene.  Most  of  these  constituents  are  of 
secondary  origin,  and  in  the  process  of  their  formation  the  form  of  the  primitive  min- 
erals has  been  so  completely  obliterated  that  it  is  now  impossible  to  say  whether  the 
mother-rook  was  a  diabase  or  a  diorite. 

Fig.  2. — SoMstoae  band  in  the  last  figured  rock,  shotving  the  effect  of  dynamic  metamor- 

phism  {stretching)  upon  it. 

Locality  same  as  that  of  last  figure.    Specimen  No.  11031.    Ordinary  light.     (See 

p.  82.) 
The  feldspar  in  this  rock  is  chemically  less  altered  than  in  the  last,  but  it  has  been 
subjected  to  a  much  more  intense  mechanical  action.  It  is  fractured,  and  the  frag, 
ments  are  widely  separated,  although  those  pieces  which  once  belonged  to  the  same 
crystal  may  still  often  be  identified.  The  interstices  are  filled  with  scales  of  a  green 
chlorite,  arranged  parallel  to  one  another,  so  as  to  produce  a  schistose  structure. 
Even  the  little  lencoxene  zones  around  the  ilmenite  grains  have  been  elongated  in 
the  same  direction. 
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PLATE  X. 

FiO.  1 . — Sauasurite  diariie. 

This  rook  forms  the  barrier  at  Upper  Quinneseo  Falls,  Menominee  River,  Miohiffan. 

Specimen  No.  11054.    Ordinary  light.    (See  p.  103.) 

In  spite  of  the  close  external  resemblance  of  this  rock  to  the  Stargeon  Falls  sans- 
surite  gabbro  (PI.  VXII,  fig.  1),  it  shows  no  trace  of  any  pyrozenic  constituent.  Its 
only  bisilicate  is  hornblende.  This  is  sometimes  compact  (and  then  both  brosrn  and 
green  in  color),  sometimes  ragged  and  fibrous.  The  former  variety  is  seen  in  the 
center  and  on  the  left  of  the  figure,  with  its  remarkably  perfect  orthopinacoidal 
parting,  like  that  recently  observed  by  Cathrein  in  a  hornblende  from  Boda,  in  the 
Tyrol.  This  parting  may  be  an  indication  that  this  hornblende  has  been  derived 
from  original  diallage.  A  large  individual  of  the  more  ragged  and  fibrous  hornblende, 
filled  with  secondary  quartz,  is  shown  on  the  right  of  the  figure. 

The  feldspar  of  this  rock  has  undergone  the  usual  alteration  to  opaque,  gray  saus- 
surite,  but  in  this  are  imbedded  frequent  grains  of  a  fresh  brown  feldspar.  Leu- 
Goxene  rims  around  the  ilmenite  are  abundant. 

Fio.  2.— 2)fpt0a2  aphanitio  greenstone  of  the  Marq^etie  region. 

From  Baldwin's  Kilns,  northeast  of  Negaunee,  Michigan.  Specimen  No.  11747.  Or- 
dinary light.  (See  p.  172.) 
This  is  a  fair  representative  of  the  commonest  rocl^  type  in  the  southern  Marquette 
and  Negaunee  greenstone  areas.  Its  grain  must  always  have  been  very  fine  and  com- 
pact. Long,  slender  feldspar  crystals  may  still  be  seen,  sometimes  with  an  imper- 
fectly developed  form,  such  as  is  common  in  the  semi-crystalline  rocks  (porphyrites). 
The  groundmass  is  composed  of  a  fine  grained  aggregate  of  fibrous  hornblende, 
chlorite,  quartz,  calcite,  and  ilmenite  leuooxene.  These  minerals  are  all  secondary, 
and  may  easily  have  resulted  from  the  alteration  of  a  oryptoorystalline,  or  even  a 
partially  vitreous  base. 
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PLATE  XI. 

Fig.  l.'—Chlorite-^^pidote  aggregate  in  an  altered  diabaae. 

From  below  Upper  Qainneseo  Falls,  Menominee  River,  Michigan.    Specimen  No. 

11049.  Ordinary  light  (See  p.  97.) 
This  is  a  very  common  alteration  product  in  rocks  of  the  diabase  type,  especially 
in  those  rich  in  iron.  In  a  confased  mass  of  deep  green  and  somewhat  pleochrodc 
chlorite  scales  lie  embedded  extremely  sharp  crystals  of  a  yellowish  or  colorless 
epidote.  These  latter  are  what  the  earlier  students  of  these  rocks  mistook  for 
'secondary  angite.  In  the  lower  part  of  the  figure  are  seen  ilmenite  grains  sur- 
rounded by  rims  of  leucozene  and  a  portion  of  a  large  secondary  hornblende  crystal. 

Fig.  Z.—Streidked  greAutone. 

From  above  Lower  Quinnesec  Falls,  Menominee  River,  Michigan.    Specimen  No. 

11102.  Ordinary  light.  (Seep.  94.) 
The  effects  of  tension  upon  a  solid  rock  mass  are  rarely  seen  more  distinctly  than 
in  this  specimen.  Not  only  the  feldspar,  but  also  a  large  grain  of  ilmenite  has  here 
been  forcibly  torn  asunder,  and  the  fragments  have  been  separated  a  considerable  dis- 
tance, always  in  one  direction.  The  peculiar  green  chlorite  so  characteristic  of  all 
stretched  basic  rocks  (cf.  PI.  IX,  fig.  2)  fills  the  interstices  between  the  mineral  frag- 
ments. It  must  have  crystallized  after  the  breaking  of  the  solid  rock  constituents 
and  its  scales,  which  are  all  arranged  parallel  to  the  direction  in  which  the  strain 
was  exerted,  produce  a  decidedly  schistose  structure  in  the  rock.  The  fresh  state  of 
the  feldspar  in  a  rock  which  has  been  subjected  to  such  intense  mechanical  action  as 
this  one  is  very  noticeable. 
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PLATE  XIL 

Fio.  1. — Coaraeljf  erygUilUne  diorUe. 

From  near  Baldwin's  Kilns,  northeast  of  Negaanee,  Michigan.    Speoimen  No.  11749. 

Ordinary  light.  (See  p.  173.) 
This  one  of  the  coarse  grained  dike  rooks  which  penetrate  the  aphanitio  green- 
stones of  the  Negannee  area.  The  homhlende  is  idiomorphio,  and,  as  there  are  no 
certain  traces  of  pyroxene,  the  rock  is  designated  a  '^  diorite."  The  feldspar  is 
qoite  filled  with  secondary  actinolite  or  epidote  needles.  The  hornblende  is  often 
altered  internally  to  chlorite  or  fibrons  amphibole,  while  its  exterior  still  remains 
compact  and  shows  a  cnrioas  concentration  of  the  green  coloring  matter.  There  is 
also  observable  aroand  the  edge  of  the  hornblende  crystals  a  separation  into  fibers, 
as  described  by  Becke. 

Fio.  2.— l?jpid«oHf0. 

From  the  Horse  Race  above  Upper  Qninnesec  Falls,  Menominee  River,  Michigan. 

Specimen  No.  11186.  Ordinary  light.  (See  p.  107.) 
This  is  one  of  the  coarse  grained  dioritio  rocks  so  abundant  along  the  Horse  Race 
Rapid.  The  pale  green  hornblende  is  entirely  allotriomorphie  and  fills  the  spaces 
between  the  idiomorphic  feldspar  crystals  exactly  as  anglte  does  in  diabase.  Still 
there  is  no  certain  trace  of  pyroxene  now  present.  The  hornblende  shows  a  deeper 
color  aroand  its  edge  and  a  breaking  np  into  fibers,  which  are  arranged  in  irregolar 
bandies  and  appear  to  wander  oS  into  the  sarroanding  feldspar. 
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PLATE  XIII. 

Fio.  1. — Sphene  crystals  around  ilmenite. 

In  a  dioritio  rock  from  the  Horse  Race  Rapid,  above  Upper  Qumneseo  Falls,  Meno- 
minee River,  Michigan.  Specimen  No.  11189.  Ordinary  light.  (See  p.  109.) 
These  sphene  crystals,  although  their  minerological  character  is  undoubted,  are 
not  so  clear  or  so  sharply  defined  as  usual.  They  are  gray  and  cloudy,  resembling 
leucoxene  in  appearance ;  and,  like  this  substance  which  is  known  to  be  identical 
with  sphene  in  its  composition,  these  crystals  surround  grains  of  ilmenite,  as  though 
they  had  originated  fron^  its  alteration.  If  this  be  the  case,  we  have  here  an  inter- 
esting example  of  leucoxene  assuming  its  characteristic  titanite  form. 

Fig.  2. — RutiU  originating  from  the  alteration  of  ihienite. 

In  a  greenstone  from  below  the  Upper  Quinnesec  Falls,  Menominee  River,  Michigan. 

Specimen  No.  11070.  Ordinary  light.  (See  p.  99.) 
The  rook,  which  was  probable  once  a  diabase,  now  consists  principally  of  green 
chlorite  and  reddish  feldspar  substance.  The  opaque  iron  oxide  now  present  is 
magnetite.  This  occupies  irregular  areas  and  is  intimately  associated  with  a  net- 
work of  yellow  rutile  needles  in  a  manner  which  renders  probable  the  origin' of  both 
of  these  minerals  from  an  original  ilmenite. 
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PLATE  XIV. 

FiQ.  1. — Sericite  porphyry. 

From  jnflt  below  the  Upper  Qainneaec  Falls,  Menominee  River,  Wisconsin.    Specimen 

No.  11050.  Nicols  crossed.  (Seep.121.) 
This  rock,  which  was  once  an  ernptive  qnartz  porphyry,  shows  in  an  admirable 
manner  the  effect  of  stretching.  The  porphyritic  quartz  crystals  are  somewhat 
elongated  and  testify  to  the  tension  to  which  f  hey  have  been  subjected  by  an  nndn- 
latory  extinction.  The  porphyritic  feldspar  crystals  are  fractured  and  palled  apart 
always  in  the  same  direction,  without  reference  to  the  position  which  they  them- 
selves occnpied  in  the  rock.  The  fissures  are  cemented  by  a  new  crystallization  of 
sericite.  The  micrograniticgronndmasshas  been  rendered  schistose  by  stretching  and 
by  the  abundant  production  of  sericite,  whose  scales  have  a  parallel  arrangement. 

Fig.  2. — Stretched  and  hrecciated  greenstone. 

From  near  the  Carp  River,  north  of  Teal  Lake,  Michigan.    Specimen  11803.    Nicola 

crossed.  (See  p.  177.) 
Some  of  the  interstitial  material,  occurring  between  the  massive  cores  of  the 
spheroidally  parted  (brecciated)  greenstones,  contains  distinct  crystals  of  white 
feldspar.  Between  the  eastern  end  of  Teal  Lake  and  the  Carp  River  some  of  these 
massive  cores  are  themselves  much  elongated  by  stretching.  (See  Fig.  27,  p.  177.)  A 
section  of  the  insterstitial  material  from  this  locality  was  selected  for  illustration  be- 
cause of  the  distinctness  with  which  this  stretching  is  apparent  in  the  feldspar 
crystals.  They  are  always  broken  and  pulled  apart  iu  the  same  direction,  while  the 
smaller  components  of  the  rock  show  a  corresponding  elongation.  The  continuity  of 
the  original  rock-structure  in  the  interstitial  portion  of  this  exposure  indicates  that 
the  spheroidal  parting  is  in  this  case  a  result  of  cooling,  rather  than  of  mechanical 
brecciation  in  situ.    (See  p.  167.) 
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PLATE  XV. 

Fig.  1. — Structure  of  one  of  the  "  Augen'*  in  an  ^'Augengneiss,'^  or  stretched  granite  por- 

phyry. 
From  a  schistose  dike  in  the  greenstones  of  the  Horse  Race  Rapid  above  Upper  Qoin- 

nesec  Falls,  Menominee  River,  Michigan.    Specimen  No.  11184.    Ordinary  light. 

(Seep.  118.) 
The  center  of  the  "Ange,"  or  eye,  is  seen  to  consist  of  a  portion  of  an  old,  brown 
colored  porphyritic  feldspar  crystal.  This  is  granulated  on  either  side,  and  pnlled 
out  into  a  lens,  whose  longest  axis  agrees  with  the  direction  of  the  foliation.  The 
granulation  is  composed  of  a  new  crystallization  of  the  feldspar  snbstance,  which  is 
clear,  and  although  granitic  in  structure,  it  has  a  much  coarser  g^in  than  the  rest 
of  the  rock.  This  formation  of  an  ^' Auge''  out  of  a  porphyritic  feldspar  crystal 
agrees  with  the  observations  of  J.  Lehmann,  Chelius,  and  others. 

Fig.  2. — Stretched  quartz  porphSfry. 

From  a  conformable  dike  in  the  schistose  greenstones  of  the  Brook  Section,  west  of 
Marquette,  Mich.    Specimen  No.  1 1707.    Nicols  crosised.    (See  p.  150.)  ' 

This  rock  is  particularly  noticeable  on  account  of  the  wonderful  manner  in  which 
it  shows  the  effects  of  a  stretching  action  upon  quartz.  The  original  crystals  are 
elongated  into  lenticular  and  pear  shaped  forms,  or  even  into  long,  narrow  bauds. 
The  first  effect  of  the  tension  is  to  disturb  the  optical  homogeneity  and  produce  an 
nndulatory  extinction.  If,  however,  the  strain  is  great  enough  to  overcome  the  force 
of  cohesion,  a  mosaic  of  interlocking  and  differently  orientated  grains  is  the  result. 
Similar  phenomena  have  been  observed  and  illustrated  by  J.  Lehmann  in  Saxony. 
The  porphyritic  feldspar  crystals  in  this  rock  are  not  broken,  nor  do  they  show  the 
evidence  of  great  pressure.  Their  form  is  generally  intact,  but  it  is  worthy  of  re- 
mark that  their  Center  is  always  occupied  by  an  irregular  area  of  microoline. 

The  groundmass  is  finely  microgranitic,  containing  sinuous  bands  of  micaceous 
minerals,  which  bend  around  the  porphyritic  constituents,  while  they  follow  the 
general  direction  of  the  foliation. 
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PLATE  XVI. 
Fig.  1. — Greenstone  eohiet  (tuff)  of  ike  nortkem  Marquette  area, 

Lighthoase  Point,  Marqaette,  Mioh.  Specimen  No.  11619.  Ordinary  light.  (See 
p.  155.) 

A  charaoteristio,  althoagh  by  no  means  nniversal  stractnre,  in  the  banded  green 
schists  which  compose  so  large  a  portion  of  the  region  around  Marqnette,  consists  in 
the  tufted  form  of  the  hornblende  crystals.  These,  although  quite  compact  at  their 
centers,  are  fibrous  at  the  ends  and  expand  so  as  to  resemble  sheaves  tied  in  the  mid« 
die.  The  fibers  are  so  fine  and  the  radial  arrangement  at  the  ends  of  the  bundles  is 
so  perfect  that  the  arm  of  a  black  cross  is  seen  to  sweep  across  the  field  when  the 
thin  section  is  viewed  between  crossed  nicol-prisms.  Hornblende  with  a  structure 
like  this  has  been  observed  by  Renard  and  others  as  a  new  crystallization  in  altered 
sediments,  a  fact  which  lends  additional  support  to  the  hypothesis  that  these  green 
schists  are  tuff  deposits. 

Fig.  2. — Amphihole  granite  {f)  forming  a  dike  in  aphanitic  greenetonea. 

Northeast  of  Negannee,  Mich.  Specimen  No.  11831.  Ordinary  light  in  part ;  polar- 
ized, light  in  part.    (Seep.  181.) 

This  rock  presents  many  points  of  interest,  both  in  its  structure  and  alteration 
products.  The  feldspar  is  in  two  distinct  generations,  of  which  the  older  variety  is 
entirely  idioraorphic,  with  a  zone  of  clear  substance  surrounding  a  gray  and  more 
altered  interior. 

The  hornblende  exhibits  the  unusual  alteration  to  biotite,  which  is  sometimes 
brown,  sometimes  green.  This  mineral  in  rare  instances  has  crystallized  in  sharp 
hexagonal  plates  which  show  pressure  lines  of  cleavage  (*'Drucklinien"). 

The  groundmass  of  this  rock  is  an  aggregate  of  quartz  and  the  younger  generation 
of  feldspar.  These  sometimes  form  a  microgranitic  mosaic  and  sometimes  micro- 
pegmatitic  growths,  which  are  represented  in  the  figure  as  they  appear  in  polarized 
light.  Apatite  is  abundant,  and  also  ilmenite  or  magnetite  surrounded  by  chlorite, 
and  in  some  cases  by  sphene,  as  though  this  had  resulted  from  the  alteration  of  the 
ilmenite,  as  shown  in  PL  XIII,  fig.  1. 
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LETTER  OF  TRANSMITTAL. 


DePABTMENT  of  the  iNTEBIOBy 

United  States  Geological  Survey, 
Division  OF  Paleozoic  Invebtebbate  Paleontology, 

Washington,  D.  C,  May  1,  1890. 

Sib:  I  have  the  honor  to  transmit  herewith,  for  publication,  a  bibli- 
ography of  Paleozoic  Omstacea,  prepared  by  Lieutenant  A.  W.  Yogdes, 
U.  8.  A. 

The  bibliography  bears  internal  evidence  of  long  continued  and  ez- 
tended  research  and  its  publication  will  supply  a  work  of*refei«nce 
that  has  long  been  needed  by  the  student  of  invertebrate  Paleozoic 
fossils. 

I  remain,  very  respectfully, 

Ohas.  D.  Waloott, 

PaleontologisL ' 
Hon.  J.  W.  Powell, 

Director  U.  8.  Oeological  Survey. 
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INTRODUCTION. 


The  sole  object  of  this  bulletin  is  to  give  a  general  view  of  the  litera- 
ture on  the  Paleozoic  Crustacea  and  to  aid  students  and  paleontologists 
in  their  researches.  It  is  the  result  of  more  or  less  constant  work 
during  the  past  ten  years. 

In  its  compilation  I  have  examined  almost  every  reference  before  re- 
cording it;  those  not  so  examined  are  indicated  by  a  star  (*)  follow- 
ing the  title. 

For  convenience,  the  subject-matter  has  been  arranged  as  follows: 

Part  I.  List  of  authors,  including  a  brief  index  of  the  genera  de- 
scribed in  each  work. 

Part  II.  A  catalogue  of  the  North  American  Paleozoic  trilobites. 

Part  III.  The  non-trilobitic  Paleozoic  Crustacea,  with  a  list  of  the 
species. 

I  am  well  aware  that  the  valae  of  a  work  of  this  kind  depends  upon 
the  care  and  labor  given  to  its  compilation.  Every  possible  means  of 
obtaining  accurate  information  from  a  miscellaneous  cla^sof  literatare 
in  many  langnages  has  been  used,  and  it  is  hoped  that  there  are  but 
Tew  errors  and  omissions. 

I  would  thank  those  into  whose  hands  this  bulletin  may  fall  for  any 
information  that  would  add  to  its  valae  as  a  working  hand-book. 

A.  W.  VOGDES. 

FoBT  Hamilton,  New  Yobk  Habbob,  April  30, 1889. 
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LIST  OF  AUTHORS. 
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A  BIBLIOGRAPHY  OF  PALEOZOIC  CRUSTACEA  FROM  1698  TO  1889, 


nfCLUDINO 


A  LIST  OF  NORTH  AMSRIQAN  SPEOISS  AND  i  STSTEMATIO  ARRAN6EHSNT  OF  OBNBUL 


By  AirraoKY  W.  Yogdbs. 


PART  I. 


LIST  OP  AUTHORS. 

▲  8t«r  (*)  following  ft  title  iadiofttos  that  the  reference  le  recorded  withoat  opportanity  for  personal 
TeriflcatioB. 


Agasfliz  (L.)  Monographie  des  poissons 
foBsiles  da  vieax  grte  rouge  oa  syat^me 
d^vonien  (old  Bed  Sandstone)  des  lies 
BritanniqneB  et  de  Rasaie. 

Text,  Solenre;  atlaa,  KenchAtel,  1845,  pp. 
xix-xx,  note;  and  atlas,  Tab»  A. 

Ptmrygotnt  n.  g. 

Alth  (Alois  von).  Ueber  die  palasozoi- 
aohen  Gebilde  Podoliens  und  deren  Ver- 

steinerangen.    Erste  Abtheilang. 

In  AbhandL  k.  k.  geoL  Beichsanst,  voL  7, 
pt.l.Wien,1874,6pl. 

Proetutt  Oyphatpit,  DtUmania^  dUfmens^ 
€eraunu^  SphctrexoehuM,  Encrinurua,  IlkenuM, 
Swrypterut,  PUrygotiu^  Stylonunu,  Bevriehia^ 
LeperdUia,  Primitia,  Bairdia, 

Alton  (Ed.  de).  See  Bormeiater  and 
Alton. 

Ami  (Henry  M.)  Notes  on  Triar^ruB 
8pino8U8  Billings. 

In  Trans.  Ottawa  Field  Nat  Clnb,  No.  4, 
18^^-'83,  p.  88, 1  pi. 

AngeUn  (N.  P.)  Palseontologia  Scandi* 
navioa.  Pars  I.  Crustacea  formationis 
transitionis.    LipsisB,  1854,  4to. 

The  first  part  of  this  work,  entitled  "Palie- 
ontologia  ScMtdinarioa, "  containing  pp.  1-24  and 
pi.  1-24,  was  poblished  by  the  Royal  Swedish 
Academy  of  Sciences  in  1852.  The  second  por- 
tion In  1854,  indnding  a  preface,  pp.  1-8  and  pp. 
21-02,  pi.  25-42. 

The  genera  are  arranged  in  the  following 
order:  Ofenti#,  Paradaxidet,  Oryptonynua,  Eryx 


Angelin  (N.  P.)~Continned. 

B.  g.  (corrected  by  Angelin  to  Elyx^  the  ge- 
neric term  Eryx  having  been  used  by  Stephen 
in  1832  for  a  genos  of  the  Coleoptera),  Ac(mtheu9 
n.  g.  toonected  by  the  author  to  that  of  Anev^ 
ta&Uhu»)y  Agnottua,  PKaeapt,  Potytomurui,  Be- 
moplewridei,  Niobe  n.  g.,  Megakui^U  n.  g.,  NiUut, 
Ampyz,  Proetutt  Pkcethonidea  (Angelin  uses  this 
term  for  that  of  Phcston  Ban-.),  Forbetia,  Oonio' 
pleura^  Oelmui  n.  g.,  Anomocare  n.  Km  SfAeno- 
flewra  n.  g.,  Liotttacug  n.  g.,  Oti^fmetu,  Honui- 
lonotvM,  Pliomera  {Amphion)^  Oheimtinu,  Oyrto- 
tnetopua  n.  g.,  Aeidatpis,  Trapeloeera,  8pJu»- 
rexoehu8,  AcidatptM,  Bhodope  n.  g.  (this  term 
'was  Ubed  by  Siebold  in  1848  for  a  genns  of  the 
Gasteropoda),  Dytplanut,  Bumattus,  llkenus, 
JEgUna,  Olenut,  PeUuret,  Parabdina,  Aeeroeare 
n.  g.,  LeptoplastuM  n.  g.,  Euryeare  n.  g.  (this 
genus  is  referred  by  J.  W.  Salter,  Mem.  Geol. 
Survey  United  Kingdom,  Brit.  Organic  Be- 
mains,  decade  xi,  pL  8,  p.  3,  to  the  genus  Spha- 
rophthaimus  Aug.),  Upkaropkthalmtit  n.  g., 
Anopoeare  n.  g.  (this  genus  is  referred  by  J.  G.  O. 
Linnarnson,  Geol.  Fdrening.  Stockholm  Forhdl.. 
voL  5, 1880-'81,  p.  136,  to  the  genera  PsUura  and 
SphcBropMhtUmuti  the  specimen,  according  to 
Dr.  Linnar8son,in  the  Boyal  Museum  of  Sweden, 
"  marked  by  Angelin  as  the  abdomen  Wl  Stenam. 
pusiUtu,  contains  several  small  heads  of  Spha- 
rophthaWnu§  alaPus,  and  a  smsll  pjgidiam  of 
Peltura  tearab<wid«t;"  Dr.  Linnarsson  refers  to 
this  specimen  as  Angelin's  tjpe  for  the  genns 
Anopoeartf  and  also  remarks  "that  AngeUn  in- 
tended to  change  the  family  name  of  Sphatroph- 
thalmut  alatu9  and  their  nearest  forms  to  that 
of  Stenometf^put,  inasmuch  as  another  speci- 
men of  8ph.  alaiu9  has,  in  Angelinas  own  hand* 
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Angelin  (N.  P.) — Continned. 

writiiig,  the  generic  name  of  Stenometoput^^), 
Ptyehopyge  n.  g.,  AMphtu,  Bronteut,  HoiofiM* 
topui  n.  g.,  Jtoeolut,  Coryneocoehtu  n.  g.,  Sym- 
phyMuruSf  Uuloma  n.  g.,  Phttrottoma,  Cvn%- 
coryphe,  Trinuclettt,  8phartxoeoryph€  n.  g.,  JDfi- 
phon^  Stauroeephaiutt  Liehat,  DoKchometepus 
n.  g.,  Platymetoptu,  Oifrt<nnetopu9^  Ampyx^ 
RaptiMphoruB,  Lonehodomas,  Harpet,  Arruphus 
n.  g.,  Marp%d€t,  Centropleura  n.  g.  (J.  G.  O.  Lin- 
narsfton,  Svenska  Yetensk.  Akad.  Handl.,  voL  8, 
18ft9,  No.  2,  p.  71,  cites  Angelinas  Centropleura 
anguMtieauda  and  O.  dicrcBura  under  Dr.  Owen's 
genuB  IHkdoeephalut),  Oyhele,  TtUphut,  Ogygict, 
Ogygioearii  n.  g. 

>— -  Palffiontologia  Scandinavioa.  Pars  I. 
Crastacea  formationiB  transitionis  fas* 
cicali  1  et  2  cam  tabalis  48.  HolmisB, 
1878  (3d  ed.). 

This  work  contains  plates  1,  la,  2.  3,  20.  22, 
with  an  appendix,  pp.  93-M.  Emended  and  re- 
vised by  Prot  Gustaf  LindstrSm. 

The  appendix  contains  descriptions  and  fig- 
ures of  the  following  species:  Paradoxidet  tee- 
eini,  P,  teetini  var.  vfohlenbergii,  P.  teeeini  var. 
celandieue,  P.  affinie,  P.  tubereulaUu,  P.  foreh- 
hdmmeri,  P.  tumidus,  OentropUura  loveni,  O. 
eteenttrupi,  Ogygiocarie  dilatata,  O.  dilatata 
var.  earti,  O.  dUat€Ua  var.  atrwni,  in  addition 
to  the  genera  and  species  described  in  the 
second  edition. 

Anthony  (J.  G.)    New  Trilobites. 

In  Am.  Jour.  Sci.,  1st  series,  vol.  84, 1838,  p. 
379. 

Oeratoeephala  eeralepta,  figs.  1  and  2. 

Description  of  a  new  fossil  (Calj/mene 

Jmoklandii), 

In  Am.  Jour.  Sci.,  1st  series,  vol.  36, 1830,  p. 
106. 

In  this  article  a  specimen  of  Oeraurue  pleur- 
exanthemue  Green  was  figured  and  described 
under  the  name  of  Calymene  bueUandii  as  a 
new  species. 

Audonin  (J.  V. )  Becberches  snr  les 
rapports  natarels  qui  existent  entre  les 
Trilobites  et  les  animanx  artical^. 

In  Annales  06n.  Sc.  Phys.  Kat.,  Bmxelles, 
vol.  8, 1821,  pi.  18,  p.  233  ;  fedso  Isis  (oder  Encyc. 
Zeitung),  Oken,  vol.  1,  1822,  p.  87. 

Oalymene  blumenbachM. 

Bally  (W.  H.)  On  two  new  species  of 
Crustacea  iBelinuruB  Konig)  from  the 
Coal  Measures  in  Queen's  County,  Ire- 
land ;  and  some  remarks  on  forms  allied 

to  them. 

In  Kept.  28th  Meeting  Brit  Assoc.  Adv.  Sci., 
1858,  p.  76. 

« 

^ On  tbe  annnloid  Crustacea  of  the 

Coal  Measures,  C) 

In  Jour.  Geol.  Soc.  Dublin,  vol.  8,  1858,  p.  80. 
In  this  paper  a  description  of  a  fossil  Crusta- 


Baily  (W.  H.)— Continued. 

cean  from  the  Bilboa  Colliery,  Queen's  Comity, 
was  given,  with  a  few  remarks  on  the  allied 
species  from  Coal  Brook  Dale,  which  had  been 
included  with  it  in  the  genus  Limulue^  and  It 
was  proposed  to  remove  all  these  Coal-lfeaauxe 
Crustacea  from  that  genus  and  group  them 
into  a  new  one,  under  the  name  of  JSteropif. 

Bemarks  on  some  Coal-Meaanre  Cnu- 

tacea  belonging  to  the  genus  Beliwuru9 
Konig,  with  descriptions  of  two  new 
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fitageC:  Paradaxid$e,Oonocephaiu9tSttip$0' 
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quadrieottatut  Emmons. 
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On  some  new  species  of  fossils  from 

the  limestone  near  Point  Levi,  opposite 

Quebec. 

In  Canadian  Naturalist,  vol.  5, 1860.  p.  30],  30 
tigs. 

DiMoeephalua^  OonoefphdUUa,  ArionellttSs 
Bathyurtu,  Menoeephalua,  Aaaphut,  Vheirurua, 
AgnoHua. 

On  some  of  the  rocks  and  fossils 

occurring  near  Phillipsburg,  Canada 

East. 

In  Canadian  Naturalist,  vol,  6, 1861,  p.  310,  6 

fige. 
Bafhywrua^  MenoeephaMiM^  Ampldwi. 


18 


A  BIBLIOGRAPHY   OP  PALEOZOIC  CRUSTACEA. 


(BULU63. 


Billings  (E'O-^ontinaed. 

Ou  some  new  or  little- known  species 

of  Lower  Silurian  fossils  from  the  Pots- 
dam group  (Primordial  zone).  Mon- 
treal, 1861,  24  pp. 

This  pftmpblet,  with  the  addition  of  a  de- 
boriptioD  of  Srchceocyathut  prqfundu§t  the  eop- 
pressiou  of  that  of  A.  minganennSf  and  the 
notes  on  pages  10,  U,  and  12,  waa  reprinted  in 
the  *'Pal»o£oic  Fossils  of  Canada,"  toL  1, 
1865,  pp.  1-24,  also  in  part  in  the  "Oeol.  Ver- 
mont," vol.  2, 1861.  pp.  942-860. 

OieneUtu  thomptoni  Hall,  OltneUua  vermon- 
tana  Hall,  OonocephaUtei  miter  n.  a..  (7.  adamti 
n.  s.,  O.  Uuetr^  0.  vidcanu*  n.  s.,  C.  atenonuu. 
s.,  Bathiiurug  seneetu$  n.  a.,  B.  |Mirott2itf  n.  a., 

•   Atnpjfx  haUi  n.  a. 

: Description   of  a  new  species  of 

Harpea  from  the   Trenton   limestone, 

Ottawa. 

In  Canadian  Naturalist,  vol.  8,  1863,  p.  36, 
wood-cat. 

Harpes  dentoni  n.  a. 

Geological  Survey  of  Canada.    Re- 
port of  progress  from  its  commence- 
ment to  18G3,    Illustrated  by  498  wood 
outs  in  the  text.    Montreal,  1863.  Atlas 
of  maps  and  sections. 

Sarpet,  Paradoxidet,  ConocephaliUSt  Triar- 
thrua,  Bathyurtu,  Proehta,  Phaeopt,  JkUtna- 
nitet,  Oalvmene,  Lieheu,  Trintteleus,  Ataphut, 
rUcenu9t  Aeidaapit,  OheiruruM^  Amphion,  En- 
erinurut,  Branteut^  Beyriehia,  Ltptrditia, 
JfoeJkitina,  EurjfpUrua^  Oytheroptia. 

—  Description  of  new  species  of  Phil- 
lipna  from  the  Lower  Carboniferons 

rocks  of  Nova  Scotia. 

In  Canadian  Naturalist,  vol.  8, 1863,  p.  209,  1 
wood-cut. 

PhiUipHa  kotoi, 

'-  Description  of  some  new  species  of 

fossils,  with  remarks  on  others  already 
known,  from  the  Silurian  and  Devonian 

rocks  of  Maine. 

In  Proo.  Portland  Soc.  Nat  Hist,  vol.  1, 1869, 
p.  104,  plate. 

Dalmanitet  epieratetn.s.,  Oheirurut  tarqui- 
niu»  n.  s.,  Proetut  juniu*  n.  s.,  P.  maerobixa 
n.  8.,  BronteuM  pornpiliut  n.  s.,  Phaeopt  trajanu$ 
n.  8.,  Lieha», 

PaliBozoic  fossils.  Vol.  1.  Contain- 
ing descriptions  and  figures  of  new  or 
little  known  species  of  organic  remains 
from  the  Siluriau  rocks.  1861-^65.  426 
pp.,  401  figures.  Geol.  Survey  Canada. 
The  first  portion  of  this  work,  consisting  of 
24  pages,  was  issued  in  November,  1861,  and 
reappears  in  this  work,  with  the  exception  cf 
the  notes  ou  pages  10, 11,  and  12  of  the  original 
ediUou.    The  second  part,  oonaisting  of  pp. 


Billings  (£.)— Continaed. 

2&-66.  was  issued  in  January,  1862,  and  the 
third,  pp.  57-168,  in  June,  1862;  the  fourth, 
pp.  169-344,  in  February.  1865.  « 

Harpes,  Remopleuridea,  Olentu,  O^naUtu, 
DoUchometoput,  Dikelocephaiut,  TetepAus,  Gtmo> 
eep?Ml\leM,  AriontUut,  Bathyurvt,  Loganellua^ 
Menocephalut^  Triarthrtu,  Harpides,  Lieha$, 
Ampyx,  Aaaphut,  Cheirurua,  Sphcerexochut, 
Amphion,  Enerinurua,  Tlkentui,  NUeua,  Affnoa- 
tua,  Beyrickia,^Iieperd%tia,  Bathjfurellua  n.  g., 
Shumardia  n.  g.,  Endymion  n.  g.  (this  name 
was  changed  by  the  author  to  that  of  Endiy- 
mtonia  on  p.  281). 

Catalogue  of  the  Silurian  fossils  of 

the  island  of  Anticosti,  with  descrip- 
tions of  some  new  genera  and  species. 
1866.  93  pp.,  S»  figs.  Geol.  Snrvey 
Canada. 

Harpea,  Spheeroeoryphe,  Proetua,  Dalmani' 
tea,  Oalymene,  Liehaa,  Di<mide,  Aaapkua,  Chei- 
Turua,  Spfutrexoehua,  Enerinurua^  BnmUua, 
lUtenua,  Beyriehia,  Laperditia, 

Note  on  some  specimens  of  Lower 

Silurian  Trilobites. 

In  Quart.  Jour.  Geol.  Soo.  London,  voL  26, 
1870,  p.  479,  pis.  31,  32. 

Aaaphua  platyeephalua  Stokes,  with  aome  of 
the  legs  preserved. 

— ^-  Palceozoic   fossils.    Vol.    2,    pt.    1. 

1874. 

In  Qeot  Survey  Canada,  144  pp.,  85  flgn.  and 
9  pis. 

Paradoxidea,  AnopoUnua,  Agrauloa,  Soleno 
pleura, 

On  some  new  or  little  known  fossils 

from  the  Silurian  and  Devonian  rocks 
of  Canada. 

In  Canadian  Naturalist,  new  series,  voL  7, 
1874,  p.  230. 

Liehaa  auperbua  n.  s. 

Blumenbach  (J.  F.)  Abbildnngen  n»- 
turhistorischer  Gegenatiinde.  Gottin- 
gen,  1610. 

The  author  remarks  on  a  species  of  CfUymane 
lflumenba4ihii,  which  he  figures  on  pi.  50,  that 
"according  to  all  analogy  it  must  havo  been 
without  doubt  the  petrifaction  of  some  species 
of  insect  without  wings." 

The  specimen  was  from  Dudley  limestone 
and  afterwards  named  by  Alex.  Bronguiart 
Oalymene  blwnenbaehii. 

Boeck  (C.)  Notitzer  til  Lseren  om  Tri- 
lobiten.  (*) 

In  Nyt  Mag.  Naturvid.,  voL  1,  Christiania, 
1827,  p.  11. 

TrilobiUm  teaaani,  T.  apinoaua  major,  2*. 
apinoaua  minor,  T.  gracilia,  T.  tippti,  T.  havM' 
inanni. 

Noticed  in  Bull.  ScL  Nat  (F^ruaaac),  voL 
14,  1828,  p.  45. 
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Boeck  (C.)— Continaed. 

Uebersicht  der  bisher  in  Norwegen 

gefundenen  Formen  det  Trilobiten-Fa 
milie.  (*) 

In  QsB»  Norwegioa  (Kellhao),  Christiania, 
1838,  pt  1,  p.  138. 

TrUobUen  eUiptifrofu,  T,  elegant,  T.  haxi» 
manni^  T.  temUunaris,  T.  punetatue^  T.  ephae 
ricHt^  r.  eiacifront,  T.  blumeTU>aehii,  T.  fiecheH, 
T.fofrfUula^  T.  acieularie,  T.  lyra,  T.  grandia,  T. 
angustyrons,  T.  dilatatut,  T.  expaneue,  T.  <ieu 
launatui,  T.  HmbaUiM.  T.  ittriattie,  T.  frontalie 
T.  craeticauda,  T.  eentrottu,  T.  ateUue,  T.  alattu, 
T.  kUua,  T.  granulatue,  T.  roetrahtt^  T.  matnnitl- 
latuet  T.  eeartibaeoidet, 

Om  Trilobiten. 

In  Skand.  Katarf.  Fdrband.,  vol.  2.  1840,  p. 
289;  Kenes  Jahrbach  fQr  Mineral.,  1841,  p.  724. 

Boll  (Ernst).  Beitrag  zar  Kenntniss  der 
Trilobiten. 

In  Danker  and  von  Meyer's  Pf^ontograph> 
ioa,  vol.  1,  Caasell,  1847,  p.  120. 

Ampyx,  Battue. 

Ueber  die  Arten  der  Gattang  Bey- 

riohia  in  norddentschen  Silarian-Gerol- 
len. 

In  Zeitaohr.  dentsch.  geoL  Geaell.,  Berlin, 
ToL  8, 1856,  p.  321, 4  figs. 

A  communication  from  Herr  Boll  to  Herr 
Beyrioh. 

JBeyriehiajoneei,  B.  ipinuloea,  B.  hiane, 

Die  Beyricbien  der  norddeutscben 

silnriscben  Gerolle. 

In  Archiv  Verelns  Freunde  Natarg.  Meoklon- 
barg,  1862.  p.  114,  pi.  1. 
Beyriehia. 

Bom    (Chev,   de).    Litbopbilacion   Bor- 

nianum.    Index  fossilium  quas  colleget 

in  class,  ac  ordiuis  digessic.    2  vols. 

Prag»,  1772.  (•) 

In  Crustacea,  vol.  2,  p.  5. 

Bomemann  (J.  G.)  Palieontologiscbes 
aus  dem  oambriscben  Gebiete  yon  Ca- 
malgrande  in  Sardinien. 

In  Zeitschr.  deutsch.  geol.  Gosell.,  Berlin, 
1883,  p.  270. 

(HeneUus  zoppei,  Oonocoryphe  sp.?  (Olenue 
armatue  Meng.),  JlUenue  meneghini, 

Bradley  (Frank).  Description  of  a  new 
Trilobite  from  tbe  Potsdam  sandstone, 
with  a  note  by  £.  Billings,  of  Montreal, 
Canada. 

In  Ptoc.  Am.  Assoc.  Adv.  Sci.,  14th  meeting 
1801,  p.  161, 3  wood-onts. 

O&nceephalUee  minutua. 

See,  also,  Am.  Jonr.  Sci.,  2d  series,  vol.  30, 
1800.  p.  241;  Canadian  KataraliBt,  vol.  6.  1860. 
p.  420. 


Brady  (M.  P.)  See  Jones  (T.  Rupert), 
Klrkby  (J.  W.)  and  Brady  (M.  P.). 

Brocohl  (M.  P.)  Note  snr  un  cru8tac<$ 
fossile  reoaeilli  dans  les  schistes  d'Au- 
tnn. 

In  Boll.  Soc.  G6oL  France,  3d  series,  vol.  8, 
No.l,  1880,p.3,pl.l. 

Palceocaru,  Qampeonyx,  Nectotelaon  n.  g. 

Brodie  (P.  B.)  History  of  fossil  insects 
in  the  Secondary  rocks  of  England. 
London,  1B45,  pp.  105-115,  pi.  1,  fig.  11. 
This  author  describes  and  figorea  a  fossil 
from  Coalbrookdale  resembling  the  caterpiUar 
of  the  Emperor  moth,  which  was  afterwards 
described  by  J.  W.  Salter  ander  the  name  of 
JSurypterue  (Arthropleura)  /erox. 

Brogger  (W.  C.)  Fossiler  fra  Oxna  og 
Kletten.  (•) 

In  Geol.  Foreningens  Stockholm  ForbandL, 
vol.  2, 1875, 1  pi. 

Paradoxidee,  LMetracui^  Agnottu*, 

Andrnmkalk  ved  Breidengen  val- 

ders. 

In  Geol.  Foreningens  Stockholm  Forhandl., 
vol.  3,  1876.  1  pi. 

Paradoxidee,  lAoetraeue,  Selenopleura,  Ag- 
nottiM. 

Om     Trondbjemsfeldtets    midlere 

Afdeling  mellem  Guldalen  og  Meldalen 

Christian  ia.  (*) 

In  Vidensk.  Selskab.  Forhandl.,  1877,  No.  2. 

p.  1,  2  pis. 

Dalmanitee.  TrinucUue. 

Om  Paradoxides  skifrene  ved  Krek- 

ling.  (•) 

In  Nyt  Mag.  Natnrvid.,  vol.  24,  pt  1,  1878, 

6  pis. 

Paradoxidee,  OleneUue,  Doliehometoptie,  Lio- 

etraeue,  Conoeoryphe,  Afwmocare,  Elyx,  SoUno- 

pleura,  Bttipeoeephalue,  ArioneUue,  Agnoetue, 

Die  siluriscben  Etagen  2  nnd  3  im 


Kristianiagebiet  nnd  auf  Eker.     Kristi- 
ania,  1882,  12  pis. 

Remopleuridee,  DUeioeepfMlue,  GUnuM,  Para- 
boUna,  Peltura,  Oydognathue,  deratopyge, 
0  Otenopyge,  Protopleura  (new  subgenus  to  tbe 
genus  Pdtura),  ParabolineUa  (new  aubgenna 
to  the  genus  Olenue),  Leptoplattue,  Sphanroph^ 
tJuUmue,  Eurycare,  Boeckia  n.  g.,  Triarthrut^ 
Euloma,  Holometopue,  ffarpidee,  Pheteope, 
Lichae,  Trinueletu,  Ampyx,  Aetiphua,  Mega- 
laepie,  Symphyeurue,  Niobe,  Ptyehopyge,  NUeuSt 
Oheirur%ie,  IlUenue,  Dyeplanue,  Amphion, 
Oybele,  Agnoetue,  Oonophrye,  Beyriehia,  Leper- 
ditia,  leoehilina. 

Paradoxides   dlandicua   nivHet  ved 

Ringsaker,  Norge.  (*) 

In  Geol.  Foreningens  Stockholm.  Forhandl, 
VOL  6,  1884,1  pi. 
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Brogger  (W.  C.) — Continued. 

Om  aldem  af  Olenellaazonen  i  Nord- 

amerika. 

In  6eoL  Ffireningens  Stookbolm  Fdrhandl., 
vol  R,  1886,  p.  182. 

Ueber  die  Ausbildung  des  Hyposto- 

mes  bei  einigen  akandinayiachen  Asa- 

phiden. 

In  Ofveraigt  Kongl.  Svenaka  Yet. -Acad. 
Haodl.,  vol.  11,  1886,  3  pis.  < 

A9aphu$,  liotelui,  Ptyehopyge,  MegaUupit, 
Megakupides  n.  g.,  Niobe^  A9aph€Utu,  Ogygia^ 
NileuM^  Symphytums. 

Bromell  (M.)    Lithographia  Snecana. 

In  Acta  Literaria  SuecisD,  vol.  2.  Upsalis, 
1725,  p.  63. 

This  work  was  contiaaed  in  several  parts 
throagh  this  volume,  but  it  is  only,  at  p.  493, 
In  the  section  called  "De  lapldlbus  insectiferis 
Scanices  et  Gothicis,"  that  the  Trilobites  are 
treated.  We  have  there  the  Oleni  of  the  alom 
slate  and  Agnostut  pi»\forfnU. 

A  separate  edition  of  the  work  wa«  printed 
at  Stockholm  and  Leipzig,  in  1740,  bearing  the 
same  title  as  the  original  work. 

BrongnieUt  (Alex.)  Histoire  natarelle 
des  Crustacds  fossilea  soas  lea  rapporta 
zoologique  et  g^ologiqae,  aavoir  les 
Trilobitea.  Les  Cruatac^s  proprement 
dlte  par  A.-G.  Deamarest.  11  pis. 
Paris,  1822. 

This  anthur  was  the  first  systematic  writer 
npon  the  Trilobites.  He  arranges  twenty-two 
species  under  five  new  generic  names,  a»  fol- 
lows :  First  genns,  Calymene,  apocics  1.  C.  de 
Blumenbach,  2.  C.  de  Tristan,  3.  C.  t  variolaire, 
4.  0.  f  macrophttUme.  Second  genus,  Aitaphtu, 
species  1.  A.f  eomigire,  2.  A.  de  Debuch^  4. 
A.  caudigire,  5.  A.  large  qumts.  Third  genua, 
Ogygia,  apeoies  1.  O.  de  Ouettard,  2.  O.  de 
Deimareet.  Fourth  genua,  Paradnaxdee,  ape- 
oies  1.  P.  d«  Teaain,  2.  P.  tpinuleux,  3.  P.  teara- 
bo%det  4.  P.  t  gibbexuD,  5.  P.  Uuinie.  Eap^ces  de 
genre  Inceruin:  TrUobite  granuU,  T.  ponettU, 
T.  buc^?iale,  T.  tentaeuU.  Fifth  genns,  Ag- 
nottue,  species  1.  A.'pieiforme. 

and  DeAxnarest  (A.-G.)     Histoire 

naturelle  des  Trilobites  et  des  Crustacds 

fossiles. 

In  Jour.  Mines,  vol.  9, 1822,  p.  273. 

Bronn  ( Heinrich).  Ueber  zwei  nene  Tri- 
lobiten-Arten. 

In  Zeitschr.  fur  Mineral.,  voL  1,  pt  1, 1825,  p. 
317,  pi.  2. 

Oalymene  lat{front,  O.  tehlotheimi, 

—  Geognostische  zoologiscbe  «Unter- 
sncbangen  in  den  rassiscb-baltiscben 
Provinzen  von  Herrn  Dr.  Eduard  Eich- 

wald. 

In  Zeitschr.  fur  Mineral.,  vol.  for  1828,  pt  1, 
p.  104. 


Bronn  (H.  G. )  Lethasa  geognostica,  oder 
Abbildungen  and  Beschreibangen  der 
fUr  die  Gebirga-Formationen  bezeicb- 
nendsten  Verateinernngen.  Stnttgart, 
1835-'3d. 

2  vols.,  and  aUss  with  47  pla. 

and  Roemer  (F.)    H.  G.   Bronn's 

Letbfea  geognostica,  oder  Abbildnngen 
nnd  Beacbreibnngender  fUrdie  Gebirgs- 
Formationen  bezeichnendsten  Verstei- 
nemngen.    3d  ed.    Stuttgart,  ISSl-'SO. 

3  vola.  and  atlas,  124  pis. ;  vol.  1,  p.  525. 
Harpee,  Harpidet,  Remopieufidet,  Paradoxi- 

de%,  ffydroeephaku.  So*},  ArioneUus,  EHipmy- 
eephfUut,  (Henuit  ConoeephaUtee,  Proetua,  Oy- 
phtupie,  PhiUiptia,  ArethuHna,  Phaeopa,  Dal- 
mania,  Oryphcexu,  Oalymene^  Homdlonot^, 
Lichae,  Trinueieue,  Ampyx,  XHonide^  Aeapkua, 
Ogygia,  jEgUna,  lUeenva,  Acidaepie,  Ceraurue, 
Placoparia,  Spheerexoehue,  Staurocephalue,  Dei- 
phon,  Dindymene,  Zetheit,  Amphion,  Snainu- 
rut,  Gromue,  Bronteua,  TeUphue,  Agnoetu*.  Eu- 
rypterut,  Himantopterue,  PUrygotue,  Limulug, 
Oampaonyehua,  Cytkere,  Bairdia,  Oypridina^ 
Cyprdla,  Entomoconchus,  Beyrichia,  DUhynh 
earia,  CeraUocaria. 

Note  iiber  die  mit  Homalonotua  yer- 

wandten*Trilobit«ngenera. 

In  Neues  Jahrbuch  fdr  Mineral.,  1840,  p.  445^ 
pi.  8,  figs.  1  a,  b. 

Index  palaBontologicna,  oder  Ueber* 

aicht  der  bis  jetzt  bekannten  fosailen 
Organ ismeii,  nnter  Mitwirknng  der 
HH.  H.  R.  GSppert  nnd  Herm.  von 
Meyer  bearbeitet  von  Dr.  H.  G.  Bronn, 
Nomenclator  paleeontologicus  in  alpha- 
betiscber  Ordnung.  Stnttgart,  1848, 
3  vols. 

Ueber  Gampsonyx  fimbrioatua  Jordon 

aus   der   Steinkohlen  -  Formation  von 

Saarbrilcken  nnd  vom  Murg-Thal. 

-  In  Nenes  Jahrbuch  fiir  Minerid.,  1850,  p.  575. 

Briickmann  (F.  £.)    Epistolaram  itine- 
rariarum  centuria.    Wolfenbiittelce,   3 

vols. 

In  Epist  23.' pi.  2,  figs.  1-7. 1732,  and  Epist  64, 
pi.  3,  fig.  5, 1737. 

This  author  compares  the  fossil  (yrnstaoea 

with  the   MoUusca  and  calls  them  Armata 

veneria. 

Brunnich  ( M.  T. )   Beskri velse  over  Trilo- 

biten,en  Dyreatagt  og  dens  Arter,  med 

en  uy  Afteguiog. 

In  Nye  Samllngof  detKongelige  Danake  Yi, 
denakabers  Selakaba  Bkriflen,  Kiobenhavn- 
1781,  p.  384  1  pi. 

This  author  describes  Trilobua  (Oalymene) 
ttiberculatua,  Trilobua  {DalmanUea)  caudatua 
(figures  of  head  and  pygidinm),  TVOotttX  dUa- 
tatut,  TrUobua  {Encrinurua)  punetatus. 
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Buch  (Leopold  von).  Beitrage  zar  Be- 
htiiDmang  der  Gebirg»- Forma tionen  in 

RusHland. 

In  Archir  mlnenl.  Qeogn.,  etc,  toL  15,  Ber- 
lin. 1841.  p.  1,  pL  3. 

Phaeops^  CalynitftM,  A9aphu9^  lUcBnus, 

Buokland  (William).  Geology  and 
mineralogy  considered  with  reference 
to  natnral  theology.  Bridgewater  trea- 
tise. 2  Yols.  London,  1837,  87  pis. 
[4th  ed,,  London,  1^69,  2  vols.,  90  pis.] 

Translated  into  German  by  L.  AjcaMiB. 

Paradoxides^  PhiUipsiOt  Phacopt,  (kUymene^ 
Ataphus,  Ogygia,  Snerinurut,  Limulut  {Belt- 
nurtu)  trilobitoideM, 

Bnrmeister  (H  )  Die  Organisation  der 
TrilobitQn,  etc.    Berlin,  1843,  6  pis. 

The  English  translation  is  entitled:  ''The 
crganisation  of  Trilobites  dedaoed  from  their 
liTing  affinities,  with  a  systematio  review  of  the 
species  hitherto  described,  by  Hbrmann  Bar- 
meiater,  edited  trom  the  German  by  Prof* 
Thomas  Bell,  F.  B.  S.,  and  Prof.  E.  F.  Forbes, 
F.  B.&"  London,  Bay  Society,  1846  There  is 
a  bupplementary  appendix  by  the  editors. 

Bormeister  classifies  63  species  under  23 
genera  arranged  in  the  following  order : 

Surypterug^  Oytherina,  TrinudeuM^  Ogygia, 
Odontopleurck,  Arget,  JSrtmteuM,  Paradoxidet^ 
02«fiti#,  ConocephaXuM,  EUipwcephaXut.  Harpes, 
Cidymene,  HotnaUmotut,  Phaeopt^  Oyphaspit 
n.  g.,  Proetui,  JE<mia  n.  g.,  Arehegimut  n.  g., 
ItttenuM,  Dyiptantu  n.  g.,  AtaphoM,  Ampyx. 

The  sapplementary  appendix  by  Thomas 
Boll  and  £.  F.  Forbes  contains  an  alphabetical 
list  of  British  Trilobites,  also  a  copy  of  McCoy's 
generic  dencription  of  tbe  following  genera: 
Tiruia,  Forbena,  Portloekia,  Trinodus  (Synop- 
sis Silurian  Fossils  Ireland,  1846) ;  the  generic 
descriptions  of  Oheirunu,  Sphcerexochut, 
JAekat,  Troehurus  (Beyrich,  ITeber  einige  b6h* 
mische  Trilobiten,  1849),  and  a  list  of  tbe  genera 
and  species  described  by  Barrande  (Notice  pr6- 
liminaire  sar  le  eystdme  silurien  et  les  Trilo- 
bites de  Bohfime,  1846). 

and  Alton  (£d.   de).    Neue  Beo- 

bachtungen  Qber  die  Organisation  der 
Trilobiten.  (•) 

In  Zeitung  fUr  Zoologie,  Zootomie  und  PalsK)- 
soologie,  Alton  mid  Burmeister,  Leipzig,  vol. 
1, 1848,  p.  67,  pL  1,  figs.  13-19. 

Callaway  (Charles).  On  a  new  area  of 
Upper  Cambrian  rocks  in  South  Shrop- 
shire, with  a  descriptionof  a  new  fauna. 

In  Quart.  Jour.  GeoL  Soc.  London,  vol.  33, 
1877,  p.  652,  plate. 

(H0nu9,  Conoeoryphe,  Ataphut,  AaapfieUut 
(new  subgenus),  PlatypeUeg  (new  subgenus), 
Liehapyg€  n.  g.,  Agnottus,  Oonophryt  n.  g. 

Castelnaa  (Laport  de).  Communique  4 
TAcaddmie  des  sciences  de  Paris  la  d^ 


Caatelnau  (Laport  de) — Continued, 
couverte  des  pieds  des  Trilobites^u'il 
aurait  vus  dans  l*int6rieur  d'un  exem- 
plaire  enroul^  de  TAm^rique  du  Nord. 

In  Inst  France,  1842,  p.  74 ;  Neues  Jahrbuch 
fUr  Mineral.,  1843,  p.  504;  Comptee  Bendos, 
vol.  14, 1842,  p.  844. 

<Mymen0, 

Essai   snr   le   syst^me  silurien  de 

PAm^rique  Septentrionale.    Paris,  1843, 
27  pis. 

Ataphut  mierttrui,  A.  limuluru$,  A.  eordieri, 
A.  caudatutt  A.  edwardii.  A,  murehisoni,  no- 
malonotut  gigantetUt  S'  hereidaruut,  H.  atJai^ 
AreUnwhiB  n.  g.,  A.  holUmi,  Calymene  hufo^ 
Odontoeeph<Uu»,  Aoantholoma,  Atpid<A\te9,  DU* 
cranuruM, 

Champemowne  (A.)  Note  on  a  find  of 
HomaUmotua  in  Red  Beds  at  Torquay. 

In  Geol.  Mag.,  new  series,  decade  2,  vol.  8, 
1881,  p.  487. 

Chapman  (E.  J.)    Aaaphua  canadensia. 
In  Canadian  Jour, new  series,  vol.  1,  1856, 
p.  482. 

A  review  of  the  Trilobites,  their 

characters  and  classification. 

In  Cauadiau  Jour.,  new  series,  vol.  1, 1856,  p. 
271,  woud-cuts. 

—  Trinuoleua  eoncentricua, 

lu  Canadian  Jour.,  new  series,  vol.  3, 1858, 
p.  414,  wood-cut. 

On  some  new  Trilobites  from  Cana- 
dian rocks. 

In  Annals  Mag.  Xat.  Hist.,  3d  series,  voL  2, 
1858,  p.  9,  2  figs. 

Ataphus  eanadentii,  A.  kaUi. 

On  some  new  Trilobites  from  Cana- 
dian rocks. 

In  Canadian  Jour.,  new  series,  voL  3, 1858,  p. 
230,  2  wood-cuts. 

Asaphtu  eanctdentia,  A.  haUi. 

On  the  hypostoma  of  Aaaphus  cana' 

denaia  and  on  a  third  new  species  of 
Asaphus  from  the  Canadian  rocks. 

In  Canadian  Jour.,  new  series,  vol.  4, 1859, 
p.  1,2  figs. 

Asaphua  eanodennt,  A.  hincksii. 

On  the  probable  nature  of  the  sup- 
posed fossil  tracks  known  as  Protich' 
niteay  etc. 

In  Canadian  Jour.,  new  series,  vol.  16,  1877, 
p.  7. 

Clarke  (J.  M.)  New  Phyllopod  Crusta- 
ceans from  the  Devonian  of  western 

New  York. 

In  Am.  Jour.  Sci.,  3d  series,  vol.  23, 1882,  p. 
476,  plate. 

£ftherva,  fipothioeam  xl.  ^.,  lAa«o«iit\aTi.  v 
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Clarke  (J.  M.)— Continued. 
'  Cirriped  Crustacean  from  the  De- 
vonian. 

In  Am  .Jour.  Sci.,  3d  seriM,  toL  24, 1882,  p.  65. 

PlumuUteg  detoniciu^ 

— —  New  discoveries  in  Devonian  Crns- 
tacea. 

In  Am.  Joar.  Sch,  3d  Berles,  vol.  25, 1883,  p. 
120. 

Dipteroearis  n.  ff. 

Ueber     dentsclie     oberdevonische 

Crnstnceen  (hierzn)  Tafel  4. 

In  Keues  Jahrbnoh  fUr  Mineral.,  1864,  pt.  1, 
p.  178. 
Spathioearis,  EntomiSt  DUhyroearis. 

On  tbe  higher  Devonian  fauna  of 

.   Ontario  County,  New  York. 

In  Bull.  U.  S.  Geol.  Survey,  No.  16, 1886, 8  pis. 
Oeratioearit,  Beyriehiat  Eekinoairit,  Spathic- 
tar\9. 

—  The  structure  and  development  of 
the  visual  area  in  the  Trilobite  Pkaoops 

rana  Green. 

In  Jour.  Morphology,  vol  2,  No.  2^  Nov.,  1886, 
Boston,  p.  253,  pi.  21.  » 

Clarke  (W.  B.)  On  the  occurrence  of 
Trilohit«8  in  New  South  Wales. 

In  Quart.  Jour.  Gtool.  Soo.  London.  voL  4, 1848, 
p.  63  (not  descriptive). 

Claypole  (E.  W.)  Note  on  a  large  Crus- 
tacean   from    the    Catskill    group    of 

Pennsylvania. 

In  Proc.  Am.  Philos.  Soc.,  Phlla.,  vol.  21. 1883, 
p.  236,  plate. 

Dolichoeephala  n.  g. 

—  On  the  occurrence  of  the  genns  DaU 
manitea  in  the  Lower  Carboniferous 
rooks  of  Ohio. 

In  Geol.  Mag.,  decade  3,  vol.  1,  London,  1884, 
p.  303. 

DalmaniUdf  euyahogce. 

Conrad  (T.  A. )  Report  on  the  Palssonto- 
logical  Department. 

In  Kept  Geol.  Survey  New  York,  1838,  p.  107. 
Platynottit  n.  g, 

On  the  Silurian  system ;  with  a  table 

of  the  strata  and  characteristic  fossils. 
In  Am.  Jonr.  Sci.,  Ist  series,  vol.  38, 1840,  p.  86. 

Third  Annual  Report  on  the  Palaj- 

ontological  Department  of  the  Survey. 

In  Kept.  Geol.  Survey  New  York,  1840,  p.  189. 

OdorUoeephttluM  n.  g.,  Acanthaloma  n.    g., 

OdonUteephalua     tdenuruM^     Ataphui     AaUi, 

AcidatpU  tuhercvlatut. 

Description  of  new  genera  and  spe- 
cies of  organic  remains.    Crustacea. 

In  Bept  Geol.  Survey  New  York,  1841,  p.  48, 
Xpl 


Conrad  (T.  A.)— Continued. 

AipidolUei  n.  g.,  IHeranuruM  n.  g.,  AMipMitf 
aeantholeurus,  A.f  dentietdaiutt  A.  ruuutut, 
A.  ospectaTii^  Oalymene  tenaria. 

Tlie  plate  accompanying  this  report  was 
distributed  with  a  few  copies.  Bepubliahed  in 
the  15th  Bept.  New  York  State  Cab.  Nat.  Hist, 
pLU. 

Cytherinaalta. 

In  Geol.  Survey  New  York,  pt.  3,  comprising 
the  survej*  of  the  Sd  Geol.  Dist.  (Vannzem), 
1842,  p.  112.  fig.  23,  No.  6. 

Observations  on  the  Silurian  and 

Devonian  systems  of  the  United  States, 
with  descriptions  of  new  organic  re- 
mains. 

In  Jour.  Acad.'Nat  Sci.,  Phila.,  vol.  8. 1812,  p. 
228,  6  pis. 

Ataphutcoryecm*,  A.  f  trentonenH4,(kifymtne 
apinifera^  O.  cameratOt  Dipletwa. 

Observations  'on  the   lead-bearing 


>  =  Hydrocephalus  Barr. 


limestone  of  Wisconsin,  and  descrip- 
tions of  a  new  genns  of  Trilobitea  and 
fifteen  new  Silurian  fossils. 

In  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  1, 1843,  p. 
829. 

ThaUopt  n.  g. 

Corda  (A.  J.  C.)  and  Haw^le  (Ignaz). 
Prodrom  eiuer  Monographie  der  buhmi- 
schon  Trilobiten. 

In  AbhandL  bohm.  Gesell.  Wiss.,  Prag,  voL  5, 
1847,  pp.  129-292, 7  pis. 

This  work  is  generally  attributed  to  A.  J.  C. 
Corda.  The  58  new  genera  described  in  this 
work  are  arranged  by  Joachim  Barrande,  Sya- 
tftme  silurlen  du  centre  de  la  Bohdme,  voL  1, 
p. 39,  as  follows: 

I.  Division.    Tblejuridks. 

1.  Phbysacium 

2.  Phaooptes 

3.  Crithias 

4.  Tetracnemis 
6.  Goniacanthns 

6.  Enueacnemis 

7.  Acanthocneinis 

8.  Acanthogramma 

9.  Bndogramnia 

10.  Micropyge 

11.  Selenosema 

12.  Staurogmas 

13.  ner«.       »      Ari<meUa.B.rr. 

14.  Agraulos> 

15.  CoDocorypbe     1 

16.  Ptychoparia      >  =  Conocephalas  Zenk. 

17.  Ctenocephalas  J 

18.  Selenopelti8=Acida8piA  March. 

19.  Polytomums  =  Dionide  Barr.. 

20.  Tetrapeellium  =  Trinnclens  Lhwyd. 

21.  Phalacroma  =  Agno8ta8  (in  part)  Brong. 

22.  Selenoptychns  =  ^glina  Barr. 

23.  MesospheniscQS  =  Agnostus  integer  Beyr. 

24.  Diplorrhlna = Agnostus  integer. 


>= Sao  Barr. 


V0GDB8.] 
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Corda  (A.  J.  C.)  and  Hawle  (Ignaz)— 
Continued. 

I.  DivisiDK.    Telejurides— Cont'd. 

27.  Microparia  =  ^glina  Barr. 

28.  rUeaiaoomia  =  IlliBniis  Dalm. 

29.  Cyolopyge=iBgliiia  (in  part)  Barr. 
SO.  Aloeate=niienus  (in  part)  Dalm. 
31.  Xiphogonianir=:  Proetas  Stein. 

82.  Conopana=C3rp1ia«pi8  Barm. 

33.  Goniopleara=Proetns  elegantnlas  Ang. 

94.  Aalacopleara  =  ArethusinaBaxT. 

35.  Pharoatoma=CalymeDeBrong. 

M.  Atractopyge  J^D^„^,^(ia  part)Emmrivh. 

37.  Odontochile  5  '^ 

(Tbia  icenerio  term  was  used  in  1834  for  a  genus 
of  the  Coleoptera). 

II.  Division.    Odonturidks. 

38.  Amphytrion==Rem.oplearide8  Portlook. 
38.  Arthrorhaehia  =  Agnoatns  tardas  Barr. 

40.  Peronopsis  =  Agnostas  integer  Beyr. 

41.  Battns  =  Agnovtaa  integer. 

42.  Plearocteninm  =  Agnostas  granalatns  Barr. 

43.  Tbysanopeltis  =  Bronteiis  (in  part)  Gold. 

44.  Dind3mene=Bindymene  Corda. 

.-   ^.  1..       ?  Proetus  (in  part)  Stein. 

45.  Prionopeltis  =  Jpj^^^^j^^Barr. 

46.  Asteropyge   i  ^  ^^^j^  ^^  ^rt)  Dalm. 

47.  Hetacanthaa3 

48.  Odontopyge  =  Olenns  spinulosns. 

49.  Plaooparia=Plact>paria  Corda. 

50.  Eocoptochile  =  Cbeirnras  Beyr. 

51.  ActinopeUis==Cheirarn8Beyr. 

62.  Troobnraa  =  Slaurooopbalus  Barr. 
68.  Corydocepbalaa 
54.  Dicranopeltis 
65.  Aoantbopyge 
58.  Dicranogmus 

57.  TrapelocerasAoidaspisMurch. 

58.  Ceratopyge  =  Olenns  forfloulaSars. 

Cozzena  (Issacbar).  Description  of  th ree 
new  foflsils  from  the  Falls  of  the  Ohio. 
In  Annals  Lyceum  Kat.  Hist.  New  York, 
ToL4,  1846.  p.  157. 1  pL 

PiUoUtes  n.  g. 

The  author  therein  describes  a  species  of 
Pro€tu9  under  the  name  of  PilioliUs  ohwentii. 

Da  Costa  (E.  M.)  A  letter  concerning 
the  foosil  from  Dadley. 

In  Pbilos.  Trans.  Royal  Soc,  voL  48,  pt.  1,  No. 
42,  1753,  p.  288,  pL  I,  flgs.  (J-8. 

Dr.  Da  Co^a  herein  gives  the  name  of  Pedi- 
cuius  marimui  major  trUobua  to  the  then  called 
Dadley  fossils  (Ocdymene  blwnenbaehii),  and 
declares  it'  to  be  a  crastaceous  animal  nearly 
i^ted  to  the  Uring  J$opodes. 

Description  of  a  cnrions  fossil  ani- 
mal. 

In  Gentleman's  Mag.,  vol.  25,  London,  1754,  p. 
24,  pi.-,  fig.  8. 

Cb^ymsiM  hlumenbachii. 


=  LiohasDalm. 


Dalman  ( J.W.)  N&gra  petrificater  fundne 
i  Ostergotlands  ofvergangskalk  after- 
knade  ooh  beskrifne. 

In  Svenska  Vetensk.  Akad.  Handl.,  1824,  p. 
388,  pi.  4. 
Entomogtr.  aetinurut. 

Om  Paleeaderna  eller  de  sa  kallade 

Trilobit^rna.    Stockholm,  1826, 6  pis. 

Srenaka  Vet4m8k.  Akad.  Handl.,  1826,  p.  226. 

The  German  tranalation  bears  the  following 
title:  TJeber  die  Paleeaden,  oder  die  aogenann- 
ten  Trilobiten  von  J.  D.  Dalman.  von  Frtedriob 
Engelhart,  mit  6  Kapfertafeln,  Kiimberg,  1828. 

Dalman  arranges  41  species  of  Trilobites 
ander  5  genera  and  4  subgenera,  as  foUowa: 

Division  L  Ocalated:  1st  genns,  OcUymene; 
2d  genas,  Atapkus, 

Division  II.  Typhlini:  8d  genns,  Ogygia,-  4th 
genos,  OlenuM  {JParadoxidea  Br.).  Section  2; 
Battoides:  5th  genus,  Bathu  (Agnottua  Br.). 

Subgenera:  1.  Asaphus  iNUeut) -,  2.  Asaphus 
(lUanuf) ;  3.  Asaphwi  {Ampyx) ;  4.  Liehat  n.  g. 

Arsberattelse  om  nyare  zoologiska 

arbeten  och  upptackter. 

This  work  forms  a  part  of  the  annual  report 
of  the  keepers  of  ths  Swedish  Stato  Museum 
for  lfi28.  It  contains  (p.  134),  under  the  title  of 
"Nya  Svenaka  Palnades*'  a  description  of  the 
following  Trilobites:  OalymeiM  omata,  O,  vet- 
rucota,  C.  davifrons,  O.t  eenirina,  Asapkut 
hero9,  A.platynotui,  Nileug  qlomerinus,  Ampyx 
paekyrrhinut.Battut IcBvigatut,  B. piiiformu. 

Nouvelles  esp^ces  do  Trilobites  on 

PalsBades  de  Su^de. 

In  BulL  Ffirussac,  vol.  19, 1828.  p.  129. 
A  notice  of  the  preceding  reference. 

Dames  (W.)  Ueber  Boplolichas  nnd  Cono- 
Uchasj  zwei  Untergattnngen  von  Liohas. 

In  Zeitschr.  Deutsch.  geol.  Gesell.,  Berlin, 
1877,  voL29,pt  I,  p.793,3  pla. 

The  type  used  for  the  new  genua  Boplolichas 
ia  Lichas  trieuspidatus  Boll,  and  for  Oonolichas, 
Liehas  aguUoba  Steinb. 

Geologische  Reisonotizen  ans  Schwe- 

den. 

In  Zeitschr.  Deutsch.  geol.  Gesell.,  Berlin, 

1881,  vol.  33,  p.  405. 

Paradozides  ceUtndicus,  P.  tessini.  P.  forth- 
hammeri,  P.  kjerulfi,  EUipsocephalus,  Lichas, 
Megalaspis,  Asapkus  f,  Affnostus. 

Erste    Abhandlung.      Cambrische 

Trilobiten    von     Lian    Tnng,    China 
(Richthofen).     Vol.   4.     Berlin,   1883, 

pis.  1, 2. 

The  author  suggests  the  new  generic  term 
Dorypyge  for  certain  Trilobites  which  have  the 
pygidium  armed  with  strong  spines,  the  penul. 
timate  pair  being  the  longest,  including  in  the 
genus  Dikelocephalus  quadriceps  Hall  and  Whit- 
field and  D.  golhieus  Hall  and  Whitfield. 
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Dames  (W.)— Continued. 

Under  Anomoeare  Angelin  he  inclndes  the 
following  Amerioan  species:  OonocephaKtea 
hamtUui  Owen,  O.  iffi9eonnnenti9  Owen,  and 
C.  paUertoni  Ball. 

OonocephaUtu  freqrteiu,  O.  quadrieep*,  O.  fy- 
putt  O.  aubquadratus,  Anomoeare  UUelimbatum, 
A.  ftUfiui,  A.  planum,  A.  nanum,  A.  majut,  A. 
tubeottatutnt  Liottracut  taUngeruU,  L.  fnegalu- 
rut,-  Dorypyge  n.  g.,  D.  riektho/mi,  AgnoHut 
9hinen. 

E.  W.  Claypole :  On  the  ocoarrence 

of  the  genus  Dalmanites  in  the  Lower 
Carboniferoua  rocks  of  Ohio.  '  Geo). 
Mag.  London,  1884. 

In  Kenes  Jahrbuch  ffirKineraL,  1885,  toL 
1,  p.  102  (abstract). 

DalmanUet,  PhiUipiiat  Froetui, 

—  C.  D.  Walcott :  Appendages  of  the 
Trilobites.    Science,  vol.  3. 1884,  p.  279. 

In  Keaes  Jahrbaoh  fiir  Mineral.,  vol.  1,  p. 
10^  (abstract). 
Ataphus,  Oalymeiiu,  Ceraturut. 

T.  R.  Jones  and  J.  W.  Kirkby :  On 

some  Carboniferous  Entomostraca  from 
Nova  Scotia.    G^ol.  Mag.  London,  1884. 
In  Keaes  Jahrbuch  f^  Mineral.,  vol.  1, 1895, 
p.  106  (abstract). 
LeperdiHa,  Bejfriehia, 

—  T.  K.  Jones  and  H.  Woodward: 
Notes  on  Phyllopdiform  Crustacea,  re- 
ferable to  the  genus  Echinooaris  from 
the  PaliBozoic  rocks.  Geol.  Mag.  Lon- 
don, 1884. 

In  Kenes  Jahrbach  far  Mineral.,  vol.  1, 1884, 
p.  110  (abstract). 

Chas.  £.  Beeoher:    Ceratiocarid® 

from  the  Chemung  and  Waverly  group 
of  Warren  Countj .  Second  Geol.  Sur- 
vey, Penn.    Bept.  PPP. 

In  Nenes  Jahrbach  fiir  Mineral.,  voL  1, 1884, 
p.  110  (abstract). 
— —  J.  Miokleborough:  Locomotory  ap- 
pendages of  Trilobites.      Geol.   Mag. 
London,  1S84. 

In  Neaes  Jahrbach  fiir  Mineral.,  1885,  p. 477. 

F.  Schmidt  and  T.  R.  Jones:  On 

some  Silurian  Leperditia,  Annals  Nat. 
Hist.,  series  5,  vol.  9,  1882,  p.  168. 

In  Nones  Jahrbach  fUr  Mineral.,  1885,  vol  li 
p.  105  (abstract). 

Dana  (James  D. )  Trilobites  in  the  Pots- 
dam sandstone. 

In  Edinburgh  New  Philos.  Jonr.,  voL  6, 1857, 
p.  350. 

On  the  supposed  legs  of  Trilobites 

(  Jaaphus  platycephalus). 

In  Annals  Nat.  Hist,  4th  series,  voL  7,  Lon- 
don. 1871,  p.  306;  Am.  J  oar.  Sc.,  3d  series,  vol. 
1,1871,  p.  320. 


Dana  (James  D.) — Continued. 

S^anual  of  geology,  treating  of  the 

principles  of  the  science,  with  special 
reference  to  American  geological  hi»> 
tory.    2d  ed.    New  York,  187.4,  p.  174. 

D'Archlac  (A.)  and  Vemenil  (£.  de). 
On  the  fossils  of  the  older  deposits  in  the 
Rhenish  Provinces,  preceded  by  a  gene- 
ral survey  of  the  fauna  of  the  Palseozoic 
rocks,  and  followed  by  a  tabulated  list 
of  the  fossils  of  the  Devonian  system  of 
Europe. 

In  Ban.  8oc  0«o1.  France,  vol.  13,  18ll-'42; 
Trana  Geol.  Soo.  Lond.,  vol.  6,  pt  2, 1842,  p.  3U3. 

,    Fiacher  (de  Waldheim  G.)    and 

Vemeuil  (E.  de).  Pal6ontologie  de 
PAsie  Mineure.  Paris,  1866,  atlas,  21 
Pl8.  (•) 

Dawson  (J.  W.)  On  the  Lower  Coal 
Measures  as  developed  in  British 
America. 

In  Qnart.  Joar.  Geol.  Soo.  Lon<|4>n,  vol.  15, 
1850,  p.  62. 

Tracks  of  a  Cmstacean. 

Note  on  the  fossils  of  Nova  Scotia. 

In  Canadian  Natnralist,  vol.  5,  1860.  p.  287 
('wrongly  paged  197  in  the  volume). 
HonuUonotut  davfsoni  Hall. 

On  the  foot  prints  of  Limulns  as  com- 
pared with  the  rrotichniteB  ol  the  Pots- 
dam sandstone. 

In  Canadian  Naturalist,  vol.  7.  1862,  p.  271 
Am.  Joar.  Sci.,  2d  series,  voU  34, 1862,  p.  416. 

Acadian  geology.     The  geological 

structure,  organic  remains,  and  mineral 
resources  of  Nova  Scotia,  New  Bruns- 
wick, and  Prince  Edward  Island,  etc. 
London. 

Three  editions,  1855-78  (3d  ed.  contains  the 
supplement  to  the  2d  ed.). 

Paradoxidea,  OonoeephaliUit  PhiUipsia,  Dah 
manitet,  Agnoatut,  Mieroducua, 

Mr.  C.  F.  Hartt's  descriptions  of  the  trilo- 
bites first  appeared  in  the  third  edition  of  this 
work.  The  original  MSS.  described  Jftcro- 
diaeua  dawaoni  under  the  new  generic  name  of 
Datcaimxa,  but  on  Prof.  E.  Billings's  authority 
the  author  has  referred  it  to  Mierodiaoua  daw- 
foni. 

£urypterua,  Eatheria,  Leava^  Beyrickiay  Le- 
perdiHa^  Oythera,  Diploatylua. 

Supplement   to  the  2d 'edition  of 

Acadian  geology.  Containing  addi- 
tional facts  as  to  the  geological  struct- 
ure, fossil  remains,  and  mineral  re- 
sources of  Nova  Scotia,  New  Brunswick, 
and  Prince  Edward  Island.    London, 
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Daw^aon  (J.  W.)— Continaed. 

JJomaionofiM  davftonit  ProUthniUM  oarbo- 
nanus,  AfUhraeopalamon  (PaU»oearbut)  ^^^ 
Kanum, 

Note  on  two  Palaeozoic  Crustaceaofl 

from  Nova  Scotia. 

In  G«ol.  Mmg.f  decade  2,  toI.  4,  London,  1877. 
p.  6C.  (See,  nlaOk  Supplement  AoAdian  Oeol., 
1878«p.5S,fig.lO.) 

AnAr€uopal€Btfion  (Pakeoearabut)  hiUianum, 
Homalonohis  dawsoni. 

Bay  (F.  H.)  Ou  the  fauna  of  the  Niagara 
and  Upper  Silurian  rocks  as  exhibited 
in  Milwaukee  County,  Wisconsin,  and 
in  couuties  contiguous  thereto. 

In  Trans.  WlBOonaln  Aoad.  So.,  yoL  4, 1876- 
•77.  p.  113. 

Bekay  (J.  £. )  Observations  on  the  struc- 
ture of  TrilobiteSy  and  description  uf  an 
apparently  new  genus;  with  notes  on 
the  geology  of  Trenton  Falls,  by  James 
Renwick.    Read  Nov. 22  (1824). 

In  Annals  Lyceum  Nat  Hist.,  New  York,  vol. 
1,  1824.  p.  174,  2  pis. ;  lets  (Oder  Snoycl.  Zett- 
jmj^),  Oken,  1825  and  1832. 

I$otelu§  n.  K. 

-^—  Observations  on  a  fossil  crustaoeous 
animal  of  the  order  Brauchiopoda. 
Read  Dec.  12,  1825. 
-  In  Annals  Lyceum  Nat.  Hist.,  New  York,  voL 
1,  pt  2,  p.  375,  pi.  29.  Republished  in  Harlan's 
Hed  Phys.  Researcbea,  1835,  p.  287. 
SurypteruMn,g. 

—  Report  on  several  fossil  multilocular 
shells  from  the  State  of  Delaware;  with 
observations  ou  a  second  specimen  of 
the  new  fossil  genus  Eorypterus.    Read 

Oct.  2,  1827. 

In  Annals  Lyoeum  Nat  Hist,  New  York, 
vol.  2,  1828,  p.  273. 

Dealongchampa  (£.)  M^moire  snr  les 
corps  organist  fossiles  du  gr^  inter- 
m^diaire  du  Calvados. 

In  Soo.  Linn.  Calvados,  vol.  2, 1825,  p.  291,  2 
pis. 

The  author  herein  describes  two  species  of  the 
genns  Homalonotut  under  the  names  A9aphu9 
broTiffniarti  and  A.  hrevieaudatut, 

Dethleff  (von)  and  Boll  (Ernst).  Die 
Trilobiten  Mecklenburgs. 

In  Archiv  Verelns  Frennde  Natnrg.  Iffecklen- 
burfT,  1858.  p.  155. 

RtmofU^tridtt,  Paradoxides,  ElHptocephalut, 
(Menus,  O.  {SphoBrephikalmv*),  Proetus,  Oyphas 
pit.  Harpides,  Phaeops,  OdlyfMne,  HomdUma 
twf,  JAehat.  Trinueletts,  J  mpyx,  Ataphus,  Ogy 
gia,  lUanuM,  Nileut,  Aeidaspis.  Oheirurut 
Sphatrexoehut,  Sphceroeotyphe.  Amphion,  En 
erinurus,  Bronteus,  TeUphus,  Holometopxu,  Do 
UehomeUfpus,  Agnottus. 


Devine  (T. )  Description  of  a  new  Trilo- 
bite  firom  the  Quebec  group. 

In  Canadian  N&r.uralist  vol.  8, 1863,  p.  95^  2 
figs. 

Logandlu*  n.  g. 

Similar  forms  have  been  referred  by  Cordate 
the  genus  Ptyehoparia. 

- —  Description  of  a  new  Trilobite  from 
the  (Quebec  group. 

In  Canadian  Naturalist,  vol.  8. 1863,  p.  210,  tig. 
Msnoeephalut  salteri. 

Dew^alqne  (G.)  Prodrome  d'nne descrip- 
tion g^ologique  de  la  Belgique.  Bru- 
xelles,  186H;  2d  ed.,  1880. 

Contains  important  Ust  of  fossils,  and  obser- 
vations. 

Durnont  (A.-H.)  M^moire  sur  la  consti- 
tution g^oldgique  de  la  province  de 
Li^ge. 

In  Si6m.  Conr.  Acad.  Roy.  Sd.,  Bmxelles, 
vol.  8,  1832,  p.  353.    Table  of  fossils. 

Dnrocher  (J. )  Sur  hy  test  des  Trilobites 
et  des  auimaux  fossils  de  la  Bretague 
en  g^n^ral. 

In  Bull.  Soc.  G^ol.  France,  2d  serie^t,  vol.  7, 
p.  307,  also  vol.  8,  185a-*51,  p.  160. 

Dwlght  ( W.  B. )  Recent  explorations 
in  the  Wappinger  Valley  limestone  of 
Dutchess  County,  New  York. 

In  Am.  Jour.  Sci.,  3d  series,  vol.  27, 1881,  p. 
349.  pi.  7. 

Bathyurut, 

Baton  (Amos).    (]reological  Equivalents. 

Description  of  Ogygies  latiuimut  and  Cancer 
trUobioidet. 

In  Am.  Jour.  Sci.,  Ist series,  vol.  21, 1832,  pp. 
135, 136,  note. 

Cancer  trilobioideSt  Oseygiet. 
Trilobites. 

Am.  Jour.  Sci.,  1st  series,  vol.  22, 1832,  p.  165. 

Brongniartia  n.  g. 

We  learn  from  reference  to  Dr.  Amos  Baton's 
description  and  figures  given  in  bis  **  Geological 
text-book."  p.  33.  pi.  1.  fig.  3  (2d  ed..  1832).  that 
the  original  of  Brof^fniartia  eareinodea  Eaton 
was  the  same  as  that  afterwards  described  by 
Dr.  Jacob  Green  (SConthly  Am.  Jour  Geology, 
voi.  1,  June.  1832;  also  Mon.  Tril.  N.  A.,  p.  87, 
pL  1,  fig.  6,  cast  84)  as  Triarthrus  he<}kix. 

— —  Geological  text-book  for  aiding  the 
study  of  North  American  geology ;  be* 

*  lug  a  systematic  arrangement  of  facta 
collected  by  the  author  for  his  pupils, 
etc.    2d  ed.,  5  pis.  (June  15,  1^*32). 

The  following  species  are  described  in  this 
work,  pp.  31-34:  Genus  Calamena,  O.  hlumen- 
hachii  (CtUymene  emaria  Conmd),  pi.  2,  fig.  19; 
genus  Aeaphus,  A.  hauemannii,  A.  cattdatue 
(DcUmanUe*  limulunu  Green),  pi.  2,  fig.  18;  1.. 
telenourut  {DoLmcmilM  seUuuTui  ^«iua^>\\.V 
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Baton  (Amos) — Continned. 

fiR'l;  genaa  BnmgfUartiat  B.  platycepkala 
{Homalonotua  ddtoyi  Green),  pL  2,  fin,  20 ;  B. 
UoUUa  (Staphtu  platyeephaltu  Stokes),  pi.  2, 
fig.  22;  B.earcinodia  (Triarthnu  beeki  Green), 
pL,  1,  fig.  3;  geuuB  Nuttainia,  JV.  eoneentriea 
(TrinueUut  eoneentriea  Eaton),  pi.  1,  fig.  2 ;  N. 
eparaa  {Homalonotui  dehayi  Green). 

Bichwald  ( E  du  ard ) .  ObserTationes  ge- 
ognostico-zoologicfld  perlngriam  maris- 
qae  Baltic!  ProYlncias  nee  non  de  Trilo- 
bites.    Casani,  1825,  4  pis. 

The  author  herein  describes  and  fignres  eight 
species  of  Lower  Silnrian  Trilobites  under  the 
new  genetic  term  Oryptonymue.  In  his  later 
work  C'Lethoea  Roeaica,"  p.  1449)  the  first  three 
are  referred  to  the  genus  Aaaphua ;  riz,  Crypto- 
nymut  tehlotheimii  to  Aeapkue  tefdotheimii, 
Oryp.toeiseii  to  Aiaphue  toeUeii,  Oryp.panderi 
to  Atapkue  expanmt  WahL  The  last  five  are 
clasMd  as  follows:  Oryp.  liehteneteinii  under 
Niobe  liehtentteinii,  Oryp.  roaenbergii  to  lUmnue 
roeenb&rgii,  Oryp.wahlenbergii  to  lUofnutwah- 
leTibergii,  Cryp.  rudolp}iU  to  lUcpnue  rtAdolphii, 
Cryp.  parkineonii  to  llkenut  parkineonil. 

This  work  also  contains  a  description  and  a 
^gure  of  Asaphue  fUeheri  {Amphion  fieeheri 
Eich.). 

The  description  of  two  new  Carbonic  Trilo- 
bites are  added  by  Dr.  G.  Fischer,  pp.  53-55,  pi. 
4,  figs.  4  and  5,  Ataphue  hrongniarti,  pi.  4,  fig.  6, 
and  A.  eiehwaldi,p\.  4,  fig.  4.  Yalerlan  von 
Moller  ("  Ueber  die  Trilobiten  dei^Steinkohlen- 
formation  des  Ural,"  1667,  p.  7)  refers  these 
species  to  PhiUiptia  eiehwdldi  Fisoh.,  applying 
the  term  to  the  non-mncronate  py^ium.  The 
Kussianmucronatespeoiea,  figured  by  Eichwald 
("LethGDa  Roasica,"  pi.  54,  fig.  10)  as  QHffi,tki' 
dee  eiehwaldi,  was  assigned  by  the  same  author 
to  PhiUiptia  miieronata  McCoy. 

-.  Zoologia  specialis,  quam  expositis 

animalibns  tarn  vivis  turn  fossibilibus 
postissemum  Rossi le  in  Uoiyersum  et 
Poloniie.    Vilnae,  vols.  1-3, 1829-'31.  (« ) 

Die  Thier-  und  Pflanzenreste  des  al- 
ien rothen  Sandsteins  nnd  Bergkalk  in 
Novgorod iscben  Goavernement. 

In  Bull.  Acad.  Petropol.  St.  Petersburg,  vol. 
7,1840,  p.  78. 

Otarion  eiehwaldi. 

—  Ueber  das  siluriscbe  Sob icb ten-Sys- 
tem von  Ehstland.  St.  Petersburg, 
1840. 

Krustazeen,  p.  64. 

Calymene  odini^  O.  blumenbachii  tlrong.,  O. 
doteningia  Murch.,  C  maerophthalma  Murch., 
C.beltattila  Dalm.,  O.  seinbniUkii.Amphion{A8Ci- 
phiu)ftscherit  Zethus  verrueotus  Pander,  Oryp- 
tonymtie  punctatut  (Wahl.)  Eichwald,  O.vario- 
laris,  O.  toorthii,  Asaphue  expanetu  Wahl.,  A. 
weieeii,  A.  eehtothHmii,  A.  latus  Pander,  A.  la- 
ceniatua  Dalm., A.  dilatattu Dalm, ii.  devexut^ 


Biohwald  (Ednard) — Continued. 

A.  tyrannus  Hnroh.,  A.mUeemi  Mmoh.,  lUeenus 
eraeeieauda  Dalm.,  I.  roeenbergUy  I.  eotnutua 
Pander,  Lperovatie  Murch.,  l.eentrotne  Dalm., 
TrinutHeuM  eparekii^  HomaJlonotut  hereeheHi 
Murcb.,  NUetAS  armadiUo  Dalm.,  Agnottns  na- 
eutueDtXtn. 

Die  Urwelt  Rnsslands  durcb  Abbild- 

ungen  erlantert. 

4  pts.,  St  Petersburg,  184a-'48,  14  pis. 

In  the  first  part  of  this  work,  in  the  list  of 
fossils  given,  p.  22,  Eduard  von  Eichwald  re- 
fers three  species  to  Oryptonymue ;  a  gonerie 
name  which  he  used  in  1825  for  an  entirely  dif- 
ferent seriesof  fossil  Crustacea.  In  the  present 
work  ho  substitutes  the  name  for  such  apneies 
as  Calymene  varMarie^  O.  punetatu*^  O.  wortki, 
etc  The  name  is  used  without  a  gonepo  de- 
scription, and  only  indicated  by  the  above 
named  species. 

Metopia*  n.  g.,  pt.  2,  p.  64,  pL  8,  fig.  4. 

Beitrage  znr  Geologie  und  Palseon- 

tologid  Rnsslands.    Moscau,  1854. 
Bunodee  n.  g. 

Die  Granwackon  Scbicbten  von  Liv- 

und  Estland. 

In  Bull.  Soc.  Imp.  des  Naturalistes  Moscou, 
vol.  27,  1851,  no.  1,  p.  3. 
Eurypterue,  Pterygotue,  Bunodee,  Spha,godue. 

Ueber  die  Qattungen   Crypionjfmui 

nnd  Zethits, 

In  Bull.  Soo.  Imp.  des  Naturalistes  Mosoou, 
vol.  28, 1855.    Separate  ed.,  Mosc<^,  1855, 28  pp. 

The  author  maintains  that  the  genus  Oryp- 
tonymue should  be  retained  for  several  Russian 
and  Swedish  Trilobites  as  defined  by  N.  P. 
Augelin  ("Palfeont  Scand.,"  1852,  p.  S),  with 
Calymene  punetatue  as  its  type. 

Beitrage  zur  geograpbiscben  Ver- 

breitnug  der  fossileu  Tbiere  Rnssland's. 

In  Dull.  Soc.  Nat.,  Mosoou,  vols.  88-30, 1855- 
•57  (vol.  80, 18.'i7). 

Sarpee,  Proetue,  OypKaepie,  JEtomalonotue, 
Calymene,  Orijfithides,  Phaeope^  Chaemope,  Odon- 
toehUe,  Liehae,  Thrinucleue,  Ampyx,  Aeaphue, 
Ptyehopyge,  Megaiaepie,  NUeue,  lUamue,  Dye- 
planue,  Oheirunu,  Bphcerexochue,  Amphion, 
Oryptonymue^  Bronteue,  Lonchodomae,  Baphio 
plutrue,  Zethue,  Sphceroeoryphe,  Eurypterue, 
Pterygotue^  Beyriehia,  Bairdia. 

Leibsea  Rossica,  on  pal^ontologie  de 

la  Rass.  '  Stuttgart,  1852-'69.     3  vols.) 
witb  atlas,  113  pis. 

The  Crustacea  are  arranged  in  the  following 
order:  First  order,  Oatracopodia,  first  family, 
Cypridina,  genua  1.  Leperdma^  2.  Bairdia,  S. 
Beyriehia.  Second  order,  Pmcilopoda,  second 
family,  AgDoatidas,  genua  4.  Agnoetue.  Third 
order,  Cop^poda,  third  family,  Efirypteridfls, 
genua  5.  Eurypterue,  6.  Pterygotue.  FourUi 
order,  Xiphoauridn,  fourth  family,  X>imulid», 
genua  7.  Oampyloeephalus  n.  g.  Fifth  order, 
Isopodest  Trilobites,  &mily  Harpida,  ge&na  9. 
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Slch^trald  (Eduaid) — Continued. 

JSarpet^  10.  JHnucUuf^  11.  Ampyx^  12.  Laneho- 
domain  13.  RafiMopKorut  j  sixth  family,  Liobl- 
de«  i^DUB  14.  Lichat;  seventh  family,  Chei- 
niride,  genas  15.  AeidatpH,  16.  Oeraunu,  17. 
Sphcertxoeku9, 18.  Zr4Aut,19.  Spheerexocoryphe  ,- 
eighth  family,  AmphionldflD,  genua  20.  Ampkion, 
21.  Homalonotut,21.€fyptoniffMit;  ninth  family, 
Calymlnid®,  genna  23.  Calymeiu,  24.  Aea#Ce,  25. 
Phaeopt,  26.  Ohatmopt,  27.  Pfo«<t«,  28.  ^»i^ 
efttdM,  29.  (not  given),  BO.OyphatiM;  tenth  family, 
Eemopleuridaa,  genua  81.  Bunodet,  32.  Freti- 
d(mi$eu9't  33.  JUmopleuridei ;  eleventh  family, 
Aaaphidfld,  genua  84.  AtaphxtM,  35.  Megaki9pi9, 
96.  iir%o&«,  37.  Ftychcpifge,  3a  Ogygia,  39.  /UoniM, 
40.  modop«.  41.  Dytplanut,  43.  Aeeino6o(u«,  43. 
KOeuB;  tveiah  family,  Brontids.  genua  44. 
BronUu*, 

— -^  Beitrage  znr  nahern  Kenntniss  der 
in  meiner  Lethsea  liosaica  beaohrie- 
benen  Illffinns,  etc. 

In  BulL  Soo.  Imp.  dee  Naturaliatea  Moaoou, 
1083,  Na  4,  p.  872. 

Hfileua^  Buvitutat. 

Emerson  (B.  K.)  On  the  geology  of 
Frobisher  Bay  and  Field  Bay. 

Appendix  3.  Karratiye  of  the  second  Arctic 
expedition  made  hy  Charles  F.  Hall,  45th  Gong., 
3d  sesa.,  Senate  Doc.  27,  Washington,  1879. 

Tnarihru$,  OyphMpit,  Phacopt,  Ca^fmen§, 
Ataphua,  Beyriehia,  LeperdiUa,  Primitia. 

ZSmmonfl  (Ebenezer).  Geology  of  New 
York.  Pt,  2.  Comprising  the  anrvey  of 
the  Second  Geological  District.  Al- 
bany, 1842. 

Uotam  ffigoi,  flg.  99  (1) ;  BumaatuM  trenion- 

'  entity  fig.  100  (1) ;  Oa^fmtM  tenaria,  fig.  100  (2) ; 
JUcenut  trenUnunsit,  fig.  100  (3);  Oeraurua 
pUurexanthua,  fig.  100  (6) ;  Trinueleus  tessettatua, 
fig.  100  (7);  Triarthrua  beekii,  flg.  110  (1);  Tri- 
nueleua  canatad,  flg.  113  (1). 

The  Taconio  system,  based  on  ob- 
servations in  New  York,  Massachusetts, 
Maine,  Vermont,  and  Rhode  Island. 
Albany,  1844,  6  pis.  and  map. 

Atopa  triliiuatuaik.  s.  and  genus,  flg.  8 ;  mUp- 
toeepala  aaaphoidea  n.  s.  uid  genus  (not  £Uip- 
aoeaphahu  Zenker,  1833).  flg.  9. 

— ^  Agricnltnre  of  New  York,  comprising 
an  account  of  the  classification,  com- 
position, and  distribution  of  the  soils 
and  rocks,  etc.  Vol.  1.  Albany,  1846, 
21  pis.  and  maps. 

Atopa  triUneatua,  flg.  8  j  BUiptocephdla  aaa- 
phoidaa,  fig.  9. 

On  the  identity  of  the  Atopa  trili- 

neatus  and  the  Triarthrua  heckii  Green, 
with  remarks  apon  the  ElUptocepkalua 
€uapkoide9. 


Emmons  (Ebenezer)— Continued. 

In  Proo.  Am.  Assoc.*  Adv.  Sol.,  First  meet* 
ing.  Philadelphia.  1848. 

Atopa  trilineatua,  Triarthrua  baekii,  Elipto- 
eephiUua  aaaphoidea. 

American    geology,    containing    a 

statement  of  the  principles  of  the  sci* 
ence,  with  full  illustrations  of  the  char- 
acteristic fossils.  Vol.  1,  Parts  I,  II, 
and  III.  Albany,  1855-'57,  atlas,  17  pis. 
Dikehcephalua,  (Hfnua,  Triarthrua ,  Atnpa^ 
<7onoc«pAa2uj,  EUiptoeepheUuat  Phaeopa,  Ckdy" 
ffiMfis,  2Vinu«2«u«,  /toteliM,  Ogygia,  lUetnua, 
Acidaapia,  Ceraurua,  Agnoatiia,  Jfutrodiaoua  n. 
g.,  Bayriehia,  Cytharina,  Oyproidta. 

Manual  of  geology,  designed  for  the 

use  of  colleges  and  academies.  New 
York,  1860. 

Paradoxideaf  quadriapinoaua,  flg.  67;  Para- 
doxidea  maeroc^haliUt  flg.  70 ;  Atopa  punetatua, 
flg.  71;  Microdiaeua  guadrieoatatua^  flg.  73; 
Oalymena  aanaria,  flg.  67 ;  ZUoenua  trentonanaia, 
flg.  88  (ah  Jttcmua  eraaaicauda,  flg.  89  (b);  2Vi- 
arthrua  baekii,  flgs.  89  (c)  and  01 ;  laotelua  gigaa, 
flg.  88  (d) ;  Beyrichia,  Cytheriiia,  Cyproidea,  flg. 
4K>;  Trinxteleua  earaetaci,  flg.  93  (1) ;  HemieripttJU' 
rua,  flg.  97  (2) ;  lUcanua  barrienaia  flg.  98  (3) ; 
Dalmania  aeUnurua,  flg.  118  (1) ;  Phtteopa  b^fo, 
flg.  324  (6);  Dalmania  caUitelea,  flg.  124  (7); 
Phaeopa  nupera^  flg.  138  (2) ;  Cyphaapia  girarda- 
wunsii,  flg.  145  (2) ;  Romalonotua  dekayi,  figs. 
134,  135. 

Note  A,  p.  280,  the  author  remarks:  "We 
now  know  the  following  trilohites,  aU  of  which 
belong  to  a  slate  beneath  the  Cslciferous ;  via, 
Atopa  punetatua,  EUptocephaiua  (Paradoxidea) 
aaaphoidea,  Paradoxidea  thompaoni,  P.  vermonti, 
P.  maerocephalua,  Paradoxidea  {Pagura)  qua- 
driapinoaua,  and  Microdiaeua  qucidrieoatatua." 

Dr.  E.  Emmons  naes  the  name  Pagura  as  a 
snbgenus  to  Paradoxidea  without  indicating 
his  intention  with  regard  to  the  genns.  Ho  may 
have  intended  it  to  replace  the  generic  name 
of  PeUura  (Olentw)  holopyga  Hall,  12th  Kept. 
New  York  State  Cab.  Nat  Hist.,  p.  61,  which 
in  the  13th  Kept.  New  York  State  Cab.  Nat. 
Hist,  p.  118,  is  used  for  the  type  of  Bathynotua 
Hall,  1860. 

The  prefaoe  of  the  manual  is  dated  Kaleigh, 
Hay  1, 1859. 

Bmmrlch  (H.  F.)  De  Trilobitis  disser- 
tatio  petrefaotologioa  quam  consensu  et 
auctoritate  araplissimi  philosophorum 
ordinis,  etc.    Berolini,  1839,  1  pi. 

Classifles  65  species  and  9  genera  and  6  sab- 
genera,  as  follows : 

1.  Fhacops. 

Seo.  1.  Ogygia. 

2.  Asaphns. 

8.  Hlsenus. 

i. 


2.  Asaphns  < 


'  13.  Trimerua. 
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Bmmrioh  (H.  F.>-Oontinued. 

4.  Depleaiu. 

5.  Conooephalns. 

6.  EUipaooephalna. 

7.  Ampyx. 

6.  ParadozldM. 

0.  Odontopleura. 
10.  CypbeBus. 

—  Zur  Natargesohiohte  der  Trilobften. 
PFogramm  znr  oJSentliohen  PrtifaDg, 
welobe  mit  den  Zoglingen  der  Real- 
scbale  in  Meiningen  Donneretag  dem 
28.  und  Freitag  den  29.  Marz  1844  im 
groasen  Horoaale  der  Anstalt  abgehal- 
ten  werden  soil,  etc.  Meiningen,  1844, 
Ipl. 

Pt  1.  Zar  If  orpbologie  der  Trilobiten,  pp.  4- 
13. 

Pt.  2.  TJeber  die  TiHobitengattangen,  pp. 
13-18. 

Pt  3.  TTeber  die  Verbreitang  der  Trilobiten 
in  den  Gebirgescbichten,  pp.  18-28. 

The  genera  are  arranged  into  25  families  in 
the  following  order: 

1.  Phaeopt,  Dalmania  n.  g.,  2.  Pkiaiptia,  3. 
Orifitkidet,  4.  Qercutot,  5.  Ataphu*,  6.  Ilkentu, 
7.  Ogygia^  8.  BronUui,  0.  Nuttania,  10.  Eneri- 
nuntt  n.  g.,  11.  Ampkion,  12.  Oalymetu,  13.  Ho- 
malonotut,  14.  Oonoeephalus,  15.  SUipgocepka- 
ltf#,  18.  Anthet,  17.  Par€idoxide9,  18.  Odwto- 
pleura,  10.  Arget,  20.  OryptoUthut,  21.  Ampyx, 
22.  (Henut,  23.  Bemopleuride9,  24.  Ceraumt,  25. 
AgnoHut, 

~  Ueber  die  Trilobiten. 

In  Nenea  Jahrbuoh  ftir  Mineral.,  1845,  p.  18, 
IpL 

For  liat  of  genera,  see  preceding  reference. 

On  tbe  morpbology,  classification, 

and  distribution  of  tbe  Trilobites. 

Soientlflc  Hemoira,  edited  by  Richard  Tay- 
lor, vol.  4,  1846,  pt  14,  p.  253.  1  pi. 

Translation  of  the  preceding  roference. 

Eamark  (H.  M.  T. )  Om  nogle  nye  Arten 
af  Trilobiter.  (•) 

In  Mag.  for  Natnrvidenslc.,  andre  Riekke, 
Christiania,  vol.  1, 1833,  p.  268.  pi.  8. 

TnXoHUr  agellut,  T,  eUiptifront,  T.  iphcertut, 
T.  MmUimaru^  T.  dentatut. 

Btherldge  (Robert).  Description  of  tbe 
Palosozoio  and  Mesozoic  fossils  of 
QaeenslaDd. 

In  (juart  Joor.  6eol.  Soo.  London,  vol.  28 
1872,  p.  317. 

GriJUhidM  dubiut,  pL  18,  flg.  7. 

—  Memoirs  Geological  Survey  of  Scot- 
land.   Edinburgb,  1873. 

Expl.  Map  23,  p.  93. 
Ceratiocarit. 

——Observations  on  a  few  Grapt-olites 
from  tbe  Lower  Silurian  rocks  of  Vic- 


Etherldge  (Robert) — Continued, 
toria,  Australia,  with  a  further  note  on 
the  structure  of  Ceratiocaris. 

In  Annals  Maj;.  Kat.  Hist,  London,  4th  fle> 
ries.vol.  14, 1874.P.  1. 

On  the  remains  of  a  large  Cmstacean 

probably  indicative  of  a  new  species  of 
Eurypterida:,  or  allied  genus  (Eurypkrw 
Btevensoni),  from  the  Lower  Carbonifer- 
ous series  (Cementstone  group)  of  Ber- 
wickshire. 

In  Qaart.  Jonr.  Gcol.  Soc.  London,  vol.  SI, 

1877,  p.  223,  2  figs. 

PalsBontology  of  the  coasts  of  the 

Arctic  lands  visited  by  the  late  Brit- 
ish expedition  under  Capt.  Sir  Oeoigc 
Nares,  etc. 

In  Quart.  Jonr.  Geol.  Soc.  London.  voL  34 

1878,  p.  568. 

ProetuM,   Ocdjfmen^  Ataphut,    JBnerintmu 
BronUu*» 

On  the   occurrence  of  the  genm 

Dithyroearia  in  the  Lower  Carbonifer- 
ous or  Calciferous  sandstone  series  of 
Scotland,  nnd  on  that  of  a  second  spe- 
cies of  Anathrapalannon  iu  these  beds. 

In  Quart.  Jour.  Geol.  Soc.  London,  toL  85, 
1870.  p.  464,  pi.  23. 
DUhyroearu,  Anthrapakgmon, 

On  tbe  occurrence  of  a  small  new 

Phyllopod  Crustacean,  referable  to  the 
genus  Leaia  in  the  Lower  Carbonifer- 
ous rocks  of  Edinburgh. 

In  Annals  Mag.  Kat  Hia^,  London,  5th  se- 
ries, Tol.  3,  1879,  p.  257. 

and  Nicholaon  (H.  A. )   See  Nichol- 

8on  (H.  A.)  and  Etheridge  (Robert). 

and  Salter  (J.  W.)    See  Baiter  (J. 

W.)  and  Etheridge  (Robert). 

Notes  on  a  collection  of  fossils  from 

the  Palasozolo  rocks  of  New  South 
Wales. 

In  Proo.  Royal  Soo.  New  South  Wales,  toL 
19, 1880,  p.  247,  1  pi. 

JBncrinuruM  punetatus. 

Address  of  the  President. 

In  Quart.  Jour.  GeoL  Soc.  London,  voL  37, 
1881,  p.  37. 

Reports  of  the  committee,  consisting 

of  Mr.  R.  Etheridge,  Dr.  Henry  Wood- 
ward, and  Prof.  T.  Rupert  Jones,  sec- 
retary, on  the  fossil  Phyllopoda  of  the 
Palssozoic  rocks. 

See  Reports  of  tbe  secretary,  reoorde^l  under 
Jones  (T.  Rupert).  See,  also.  Woodward 
(Henry)  and  Etheridge  (Roberi) ;  Hnzlef  (T. 
H.)  and  Btherldge  (Robert). 
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Btheridge,  jr^  (Robert).  On  the  ooonr- 
rence  of  a  maomroiis  decaped  (Anthra" 
plaman  woodwardi  sp.  nov.)  in  the  Red 
Sandstone  or  lowest  gronp  of  the  Gar- 
boniferoos  formation  of  the  sontheast 
of  Scotland. 

In  Qoikrt.  Joar.  GeoL  Soo.  LondoD,  toI.  38, 
1877,  p.  8«3,  pi.  ?7. 

On  Pinnocaris  lapwortM. 

Proc  Royal  Pb js.  Soe.,  1878^  voL  4,  p.  167. 
Pimnoearit  n.  g, 

On  the  genus  ConoeephaliteB. 

In  Proo.  Boyal  Soc.  TMmanU,  Jane,  1882,  p. 
153. 

Feiatmantel  C Ottokar).  Ueber  ein  nenes 
Yorkommen  von  nordischen  silurischen 
Dilnvilgeechieben  bei  Lampenidorf  in 
der  Gra&cfaaft  Glatz  (Zeitschrift  Lotos, 
Dec.,  1874,  p.  10,  Prag). 

Phaeopt  doumingicR,  LeperdUia  marginata. 

Fischer  (6.  de  Waldheim).  Notice  snr 
PEuryptems  de  Podolie  et  le  Chiro- 
theriam  de  Livonie.    Moscoa,  1839,  2 

pis. 

Mutypterut  rtmipet,  JB.  laeuitrisft  E.  tetra- 
ffcnoph&uUmus  n.  b. 

Fitch  (Asa).  Fossils  .  of  Washington 
Connty,  New  York. 

In  Trans.  New  York  Agrio.  Soc.,toI.  9, 1860, 
p.  882. 

Atopt  tritineatui,  (XenuM  cuaphoidet,  IWnu* 
tietu  coneeniriea. 

Fletcher  (W.  F.)  Observations  on  Dnd- 
ley  Trilobites. 

In  Quart.  Jour.  OeoL  Soc.  London,  vol.  6, 1850, 
p.  235,  pis.  27,  27  hit. 

Liehas  buekUmdi^  L.  hirfuttu,  L.  grayii,  X. 
iolteri,  L.  barrandii. 

Observations  on  Dudley  Trilobites. 

Part  2. 

In  Qaart.  Jonr.  Gr^oL  Soo.  London,  toL  6^  1850, 
p.  402,  pi.  32. 

Cfybele  punetatOy  (7.  variolari§. 

Foerste  (A.  F.)  The  Clinton  gronp  of 
Ohio. 

In  Boll.  Denison  lJDiT.,Tol.  1, 1885,  p.  65, 2  pla. 
Addiupis   BtUhifurutf,  lUaenut^  Oalymene, 
LiehaifArionelltuf,  Dalmanitet, 

The  Clinton  group  of  Ohio.    Pt.  2. 

In  Ball  Denison  nniy.,voL  2, 1887,  p.  80,  pi.  8. 

ProetuM,  Phiuopt^  DalmaniUt^  CcUymeM, 
Liehaty  lUceniUy  AddatpU^  Oerttunu,  Eneri- 
nuruf. 

Note  on  Illseni. 

In  Fifteenth  Kept.  Geol.  Nat.  Hlat.  Surrey 
Minnesota,  1886,  p.  478. 

lUcgniu  minnesotentity  L  herriekit  I,  ambi' 
gyuiy  L  intignit'ELBXL 


Foerste  (A.  F.)— Continued. 

Notes  on  PalsBozoic  fossils.    Pt.  2. 

In  Ball.  Denison  Univ.,  toI.  3,  pt.  2,  1888,  p. 
117,  pi.  13. 

PhoMpg,  Liehaty  Spharexoehui,  Encrinurtu, 
MierodUetu. 

Forbes  (Edward).  Description  of  Ampyx 
Hudns, 

In  Mem.  Geol.  Survey  United  Kingdom,  de- 
oade  2,  London,  1840,  pi.  2. 
Ampjfx  ntiduB,  Brachampyx  n.  g. 

Ford  (S.  W.)  Description  of  some  new 
species  of  Primordial  fossils. 

In  Am.  Jour.  Sci.,  8d  series,  vol.  3, 1872,  p. 
419. 

AgnattU9  nobiUt. 

— *-  Descriptions  of  new  species  of  fos- 
sils from  the  Lower  Potsdam  gronp  at 
Troy,  New  York. 

In  Am.  Jonr.  Sci«,  3d  series,  vol.  6, 1873,  p.  137. 

Mieroditeui  tpeeionu,  LeperdUia  tntyefuit, 

Note  on  the  discovery  of  a  new  local- 
ity of  Primordial  fossils  in  Rensselaer 
Connty,  New  York. 

In  Am.  Jour.  Sci..  8d  series,  toL  9, 1875,  p.  204. 

Oonoc^halitet  (Atopi)  triUneatug  Emmons. 

On  additional  species  of  fossils  from 

the  Primordial  of  Troy  aod  Lansing- 
burg,  Rensselaer  County,  New  York. 

In  Am.  Jour.  Sci.,  3d  series, toL  11, 1876,  p.  369. 

MierodUcua  meeki, 

Note  on  Miorodiseua  9peoio9u». 

In  Am.  Jonr.  SoL,  8d  8eries,ToL  13, 1877,  p.  141. 

—»~  On  some  embryonic  forms  of  Trilo- 
bites. 

In  Am.  Jour.  Soi.,  3d  series,  vol.  13, 1877,  p. 
265.  pi.  4. 

Metamorphoses  of  Oiendlu$  (EUiptoeephalu$) 
fuaphoidei. 

Description  of  two  new  species  of 

Primordial  fossils. 

In  Am.  Jour.  Sci.,  3d  series,  vol.  15, 1878,  p.  124. 
SoUnopleura  nana. 

Note  on  the  development  of  Olenellus 

OBaphoideB, 

In  Am.  Jonr.  Soi.,  3d  series,  voL  15, 1878,  p.  120. 

Life  of  the  Silurian  age. 

New  York  Tribune  Extra,  September  2, 1879. 

In  this  paper  Mr.  8.  W.  Ford  gives  generic 
figures  of  Trilobitea,  including  figures  of  Mi- 
erodiscut  tpeeiotuM. 

Note  on  the  Trilobite  Atops  trilinec^ 

ius  Emmons. 
In  Am.  Jour.  Sd.,  3d  series,ToL  19, 1880,  p.  152. 

— —  On  additional  embryonic  forms  of 
Trilobites  from  the  Primordial  rocks  of 
Troy,  New  York,  with  observations  on 


30 


A  BIBLIOGRAPHY  OF  PALEOZOIC   CRUSTACEA. 


[bulls. 


Pord  (8.  W.)— Continned. ' 
the  genera  OUnellus,  ParadoxideSf  and 
Hydroeepkalu$, 
In  Am.  Joar.  SoL,  8d  oerieet  toL  22, 1881,  p.  290, 

Note  on  the  age  of  the  Swedish  Para- 

doxides  beds. 
In  Am.  jonr.  ScL,  ddaeries,  vol.  32, 1886,  p.  478. 

and  Dwight  (W.  B.)    Preliminary 

report  of  8.  W.  Ford  and  W.  B.  Dwight 
npon  fossils  obtained  in  1885  from  meta- 
morphio  limestones  of  the  Taoonic 
series  of  Emmons,  at  Canaan,  New 
York.    PI.  7. 

In  Am.  Joar.  ScL,  3d  Beries.  vol.  31, 1886,  p.  248. 

Genal  spine  of  Trilobite,  perhaps  Aiaphui 
tnegittoa. 

Freeh  (Fritz).  XJeber  das  Devon  der 
Ostalpen. 

In  Zeitschr.  Deutscb.  geol.  Oeeell.,  BerUn, 
vol.  39.  1868,  p.  6S9. 

Phaeopif  Ch*iruru8,  Snerinurtu,  Arethutina. 

—  Die  palaozoischen  Bildnngen  von 
Cabri^res,  etc. 

In  Zeitechr.  DenUch.  geol.  Oesell.,  Berlin, 
Tol.  89.  1887,  p.  360,  pi.  24. 

Harpn,  Phaeop§t  Proetus,  Dtehen^Ua,  lAehoi^ 
Oheiruvut,  Brontmtt,  Ogygia. 

Gehler  (J.  C. )  De  quibnsdam  varioribns 
agri  Lipsiensis  petrificatis.  Spec.  I. 
Trilobites  f.  EniamosUthuB  paradoxus 
Linn^.    Lipsiae,  1793  [1  pi.]. 

The  author  gives  a  sketch  of  the  biblioji:nphy 
of  the  Trilobites.  and  fijnires  several  specimens 
of  Oalytnene  blumenb<ichii. 

GtoinltSE  (H.  B.)  Grundriss  derVerstei- 
nerangs-Kunde.  Dresden,  1846,28  pis. 
Limulus.  HcUieyne,  JBdinurtu^  Eurypterus, 
Cytherina,  Oalymene,  HomaUmotut,  DtpUura, 
THmerus,  Cyphatpit,  Phacope,  Aeonia,  Jlk&niu, 
Areheifontu,  Ataphut,  Dytplanut,  NUeut,  Am- 
pyx,  Trinueleui,  Ogygia,  OdontopUura,  Arges, 
Bronteui,  Paradoxidett  Olenus,  Cmu>cephalutt 
EUipgoeephalut,  Harptt,  Oytherea,  (Jypridina^ 
CypreUa,  OypridtUa,  PoOicipet,  Cydtu. 

Carbonformation  nod  Dyas  in  Ne- 
braska.   Dresden,  1866,  5  pis. 

PhmipHa  sp.  t.  Oy there. 
Genzmar.       Beschreibung    einer    ver- 
steinerten    Mnschel     mit     dreifachen 
Riicken.  (•) 

In  GeselL  der  Ober-Lansits  Loban,  vol.  2, 
1758 ;  also,  vol.  3,  p.  185,  fig.  17-21 ;  Nenes,  Mag., 
Hamburg,  1772. 

This  author  gives  a  description  of  the  Trilo 
bites  of  Mecklenburg,  especially  those  of  his 
own  collection. 

Qeratacker  (A.)    In  Bronn's  Die  Klassen 

nnd  Ordnnogen  der  Arthropoden  wis- 


GtoratHoker  (  A. ) — Con ti n  ned. 
senschaftlich  dargestellt  in  Wort  nnd 
Bild.    Crnstaoea.    Leipzig  and  Heidel- 
berg, 1866-79,  p.  1142,  pis.  43-49. 

Agnoitiu^  HoTnaUmotut^  Phaeopt,  Daimam' 
tM,    0%nrwntt,    Oromtu,    J>nphon,    Stawrote- 
phaltu,  Ampyx,  Hydroeepkaltta^  Aeidaspit,  Tt- 
lephui,  JSglina,  Liehat,  SphijerexoehuM,  Tritr- 
thnu,  Dindyfoene.  Barrandia,  ItUenus,  Silm, 
Ogygia.  Bronteiu,  Ataphut,  Paradoxidet,  Phit 
Uptia^    Oarmon,    EUiptocephahu,    Cyphat^ 
ArtlOi^uinayProettu,ArioneUvM,  Bemopi^wriia, 
BohtmiUa,  Oalymene,  OonocephalU^  Olemu, 
Pettura^   Arera,   Sao,   Phaeoparia,  AmpAton, 
Bnerinurtit,  ZtthuM.  TrinueltuM,  Dionidet,  Bar- 
pidet,  Rarpet,  Arittozoe,  B^riehia,  BoWozoi, 
Camzoe,  Caryon,  OretetntiUa    Cythere,  Oytht- 
roptit,  Elpe.  BrUomit,  Beppa,  Leperditia,  Jto- 
ehUina,  Orotot,  Nothotoe,   PrimWa,  Z<mo»)e, 
Cryptoearit,  Aptyehopnt,  Adelophthdlmut,  Eu- 
rypUrut,  lAmuliu,  Pterygohu^  BeHnwrus,  Prett- 
vnchia^  Hemiatpit. 

Qlebel  (C.)  Die  silurische  Fanna  des 
Unterharzes. 

In  Abhandl.  Nat.  Tereins  Saohsen  u.  Th^- 
ringen,  vol.  1, 1858,  p.  1, 7  pis. 

Harpet,  Proetut,  Oyphatpia,  Phaeopg,  JAchat, 
DeUmannia,  Aeidoipit,  Bronteu§. 

Ooldfusa  (A.)  Observation  snr  la  place 
qn'occnpent  les  Triiobitee  dans  le  r^gne 
animal. 

In  Annales  Soi.  Nat  Paris,  vol.  IS,  18:^  p.  88, 
pi.  2. 

Ataphtu,  CeUymene. 

Catalogue  des  Trilobites.  « 

In  Bandbnch  der  Geognosie  von  de  la  Beobe^ 
1832. 

This  list  was  copied  by  Br.  Jacob  Green  in 
his  *'  Monograph  of  the  Trilobites  of  North 
America,"  p.  20. 

Beitrage  zur  Familie  der  fossilen 

Cmstaceen. 

In  Nova  Acta  Physioo  Med.,  vol.  19,  1839^ 
Breslau.  p.  353,  pi.  33. 

Harpet  n.  g.,  Arget  n.  g.,  BrwUet  n.  g.,  tt- 
Ictnutf  triaeanthut, 

Systematisohe  Uebersicht  der  Trilo- 

biten  und  Beschreibung  einiger  neuen 
Arten. 

In  NeuesJahrbach  fQr  Mineral.,  1843,  p.5S7, 
pis.  4-6. 

Harpet,  Paradoxidet,  Oltnut,  Anthtt  n.  g., 
OUniu  teartti>ceoidet,  dmocephalut,  EUiptooe- 
phalut,  Proetut,  Aeatte,  Oerattot  n.  g.,  Pkaeopt^ 
Oalymene,  Homalonotut,  IHpleura,  Cryptoli' 
thut,  Ampyx,  Ataphut,  Itotelut,  Symphyturus 
D*  g«  Ogygia,  Oryptonymut,  OdontopUura, 
Oeraurut,  Otarion,  Arget,  Zethut,  Amphion, 
BronUut,  JUofnut,  Bumasttit,  IfHeut,  AgnttttUM. 

Classifies  204  species  under  32  genera. 
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Ooodchild  (J.  O.)  and  Postlethwaite 
(J.)*  See  PpBtlethwaite  (J.)  and 
OoodchUd  (J.  G.). 

Green  (Jacob).  Synopsis  of  the  Trilo- 
bites  of  North  America.  In  which  some 
new  genera  and  species  are  proposed. 

Monthly  Am.  Joar.  Oaolofify,  Phil*.,  vol.  2, 
1832,  p.  558,  pi.  14.  BepnbUshed  io  Dr.  Jacob 
Green's  *'  Monograph  of  the  Trilobites  of  Korth 
Amerioa,*'  Phila.,  1832.  List  given  in  Dr.  K. 
Hariau'a  '*Med.  Phys.  Researches, "  Phila., 
183S,  p.  300. 

OalymeiM  blum^nbaehii,  O,  oaUicpphala,  0. 
$elenee€phata,  0.  platys,  0,  mieropt,  C.  anehiop*, 
O.  diopt,  O.  b^fo^  Ataphus  eattdatut,  A.  geUnu- 
rut.  A,  pleuropfjfx,  A.  toetheriUi,  A.  mierurta, 
A.  limtUuriM,  A.  laticogUUnn,  Tnmerut  n.  g., 
T,  dtiphinocephalua  (pi.  14,  fig.  1),  Oryptolithui 
n  g.,  O.  UsaeUattu  (pi.  14,  fig.  4),  IHpleura  n.  g., 
D.  dekayi  (pL  14,  figs.  8,  9),  Jgotelus  gigaa,  I 
plantij,  /.  eyclopt  (pi.  14.  fig.  7),  Triarthrut  n. 
g.,  T.  beekii  (pL  14i  fig.  6),  Paradoxidet  hcttonii 
(pL  14,  fig.  5),  Ckrwtrua  n.  g.,  0.  pUurtxantht- 
mm  (pL  14,  flg.  10). 

A  monograph  of  the  Trilobites  of 

Norlih  America,  with  colored  models  of 
the  species.  Philadelphia,  1832,  94  pp., 
1  pi.  (Oct.  1,  1832). 

Oakymetu,  Ataphut,  Hemierupturug  n.  g., 
Ogygia,  Jtoteliu,  OryptoUthtu,  Dipleura^  3Vi- 
merus,  Geraunu,  JHarthnu,  Kuttainia^  Bron- 
gmarUa, 

—  A  supplement  to  the  monograph  of 
the  Trilobites  of  North  America,  with 
colored  models  of  the  species.  Phila- 
delphia, 183.5,  24  pp.  (May  1,  1835). 

Paradpxidet,  Oalymene^  Ataphut* 

—  A  new  Trilobit«.  Letter  to  the 
editor,  Dec.  26,  1832. 

In  Am.  Jonr.  SoL.  let  series,  vol.  23, 1833,  p. 
387. 

Ataphut  myrmeco^^s. 

Description  of  a  new  Trilobite  from 

Nova  Scotia. 

In  Trans.  Geol.  Soo.  PennsyWania,  voL  1,  pt 
1, 1834.  p.  87,  pi.  4. 
Aiaphtu  erypiurut. 

Description    of  some   new    North 

American  Trilobites. 

In  Am.  Jour.  Sci.,  1st  series,  vol.  25, 1834,  p. 
334. 

OalyvMne  odontoeephaltu,  A*aphu9  cutrctgalo' 
tet,  A.  tetragtmocephalut,  Paradoxxdes  harlani' 

Description  of  a  new  Trilobite. 

In  Am.  Jonr.  Sci.,  1st  series,  voL  32, 1837,  p. 
187. 

CffUymens  pktyetainodes^  Asaphu*  pUUypleu^ 
rut. 

—  Description  of  two  new  species  of 
Trilobites.    Read  Jan.  24;  1837. 


Qreen  ( Jacob)—- Continued. 

In  Jour.  Aoad.  Nat  Sci  Phila.,  vol  7, 1837,  p. 
217,  2  wood-oats. 

Oryptueus  n.  g.,  C.  boothi,  Afaphut  trimblii. 

J.  W.  Salter  (Mon.  Brit.  Tril.,  p.  15)  gives  the 
following  diagnosis  of  the  genus,  and  ases  it 
as  a  subgenus  to  Phacopt:  "  Form  of  moderate 
sike,  depressed.  Glabella  depressed,  not  much 
expanded  in  frant;  all  the  lobes  distinct,  the 
front  ones  not  greatly  enlarged,  genal  angles 
long-spinedH  Pleura  tmncHte,  and  the  hinder 
ones  often  produced  into  spines.  Tail  large,  of 
many  segments;  the  margin  spinose." 

Description  of  several  new  Trilo- 
bites. 

In  Am.  Jour.  Sci.,  Ist  series,  vol.  82, 1837,  p. 
343, 2  woml-cnts.  - 

OryphceuM,  O.  boothi,  O.  coUUelus,  Trimemt 
jackionii,  Aaaphtu  trimbliu 

Some  remarks  on  the  geuus  Para" 

doxides  Brong.,  and  the  necessity  of  pre- 
serving the  genus  TriarthruSj  proposed 
in  the  Monograph  of  the  Trilobites  of 
North  America. 

In  Am.  Jour.  Sci.,  1st  aeries,  vol.  33,  1838,  p. 
341. 

Description  of  a  new  Trilobite. 


In  Am.  Jonr.  Sci.,  Ist  series,  vol.  33, 1838,  p. 
406. 

Calymene  roufil. 

This  Trilobite  was  figured  by  Mr.  Row  in  the 
Ponghkeepsie  Telegraph,  Nov.  22, 1837. 

—  Description  of  a  new  Trilobite. 

In  Annals  Mag.  Nat.  History,  1st  series,  vol. 
1, 1838,  p.  79. 
(kUymene  rowii. 

—  The  inferior  surface  of  the  Trilobite 

discovered. 

In  The  Friend,  a  weekly  Journal,  Philadel- 
phia, March  16.  1839. 
CcUytnene  bufo. 

—  The  inferior  surface  of  the  Trilobite 


discovered.    Illustrated,  with  colored 
models.    Philadelphia,  1839. 
Calymene  bu/o. 

Remarks  on  the  Trilobites. 

In  Am.  Jour.  Sci.,  1st  series,  vol.  37,  1839,  p. 
25. 

This  article  appears  to  be  a  republication  of 
the  two  preceding  references,  with  the  addition 
of  the  remarks  on  p.  38  of  the  Journal 

An  additional  fact,  illustrating  the 

inferior  surface  of  Calymene  hufo. 

In  Am.  Jour.  Sci.,  1st  series,  vol.  38,  1810,  p. 
410. 

Qrewingk  (C.)  Geologic  von  Liv-  nnd 
Kurland. 

In  Archiv  Natnr.  Liv-,  Ehst-  n.  Kurl.,  Dor> 
pat,  vol.  3,  pt.  3,  1861,  p.  571,  4  pis. 

Beyriehia. 
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Qriffith  (Richard). 

Two  important  works  on  the  paleontology 
and  geology  of  Ireland  were  prepared  nnder 
the  direction  of  Mr.  Richard  Griffith  by  Fred- 
erick McCoy,  who  will  be  counted  as  the 
anthor.  although  Mr.  Richard  Griffith  was  the 
collector  of  the  specimens  and  the  financial 
supporter  of  the  publications. 

The  contributions  on  the  Paleosbio  Crastaoea 
are  given  ander  McCoy  (Frederick)  in  this 
work. 

Orote  (A.  R.)  and  Pitt  (W.  H.)  New 
specimen  from  the  Water  Lime  group 
at  Buffalo,  N.  Y. 

In  Proc  Am.  Assoc.  Adv.  SoL,  2Gth  meet* 
ing.  NaahviUe.  1877,  p.  800. 

PUrygotut  cummingfi, 

— Description  of  a  new  Cmstaoean 

from  the  Water  Lime  group  at  Buffalo. 
In  Bull.  Buffalo  Soc.  Nat  Sd.,  vol.  8.  1875, 
p.  1. 
Eu9areuM  n.  g. 

— On  new  species  of  Eusarcus  and 

Pterygotue  from  the  Water  Lime  group 
at  Buffalo. 

In  Bull.  Buffalo  Soc.  Nat.  Soi.,  vol.  3, 187S,  p. 
17,  plate. 
Emaretu,  Pterygotut. 

Ghiienwaldt  (M.)  Beitrage  zur  Kennt- 
niss  dor  s^dimentarea  Gebirgsforma- 
tionen  des  Ural. 

In  M6m.  Acad.  Sci.  St-P6ter8bourg,  7th  se- 
ries, vol.  2,  No.  7,  1860.  6  pis. 

Phillipgia,  Leperditia, 

Ghiettard  (E.-T.)  K6moire sur  les  ardoi- 
ai^rea  d^Vngera. 

InM.Ain.  Acad.  Sci.  Paris,  1757,  p.  52.  pis.  7-0. 
Reprint:  AmHterdam,  1768. 

The  anthor  in  his  memoir  on  the  geology  of 
Angers  gives  descriptions  and  figares  of  several 
Triiobites.  These  were  afterwards  described 
by  Alex.  Brongniart  nnder  the  genas  Ogygia 
and  named  by  this  anthor  Ogygie  de  Ouettard 
and  O.  detmarettii, 

Haldeman  (S.  S. )  On  the  supposed  iden- 
tity of  ^toji«  trilineaiua  with  TriarthruB 
heckii. 

In  Am.  Jonr.  SoL,  2d  series,  vol.  5b  1848,  p. 
107. 

Hall  (Charles  E.)  Contribution  to  palse- 
ontogy  from  the  Museum  of  the  Second 
Geological  Survey  of  Pennsylvania. 

In  Proc.  Am.  Philos.  Soc.,  Phila.,  vol.  16, 1877, 
p.  621. 

Suryptertu. 

Hall  (James).  Description  of  two  species 
of  Triiobites  belonging  to  the  genus 
Paradoxides, 


Hall  (James)— Continued. 

In  Am.  Jonr.  ScL,  1st  series,  vol  33,  183&  p. 
139, 2  flgs» 

Read  before  the  Yale  Natural  History  Society, 
March  21, 1837. 

Paradoaeidet  beekii,  P.  MtowL 

Triiobites  of  the  inferior  strata. 

(Bxtraoted  and  published  in  advance  of  the 
*'Pal»ontologyofNew  York."  vol.  1,  Albany, 
1M6,  p.  225.  pis.  60-67.) 

OUnuM,  Pkaeopi,  Oalymene,  Platynotxuf,  2Vv 
ni4€Utu,  Ataphtu  Tiot^ut,  Aeidatpig,  CferauruM, 
JUanwt,  Agnoitut. 

Palieontology  of  New  York.    Vol.  I. 

Containing  descriptions  of  the  organic 
remains  of  the  lower  divisions  of  the 
New  York  system.  Albany,  1847,  100 
pis. 

Otenus,  Phacopt,  CtUymens,  PlatynotuM,  Tri- 
nueUut,  Amphus,  laoteltu^  AcidaspU,  Cerau- 
rut,  lUtmut,  Agnottui, 

Hemarks  on  the  observations  of  S. 

S.  Haldeman  '*  Ou  the  supposed  iden- 
tity of  Atopa  trilineatttt  with  Triarthnu 
beckiV 

In  Am.  Jonr.  Sci.,  2d  series,  vol  5, 1818,  p.  322, 
10  wood-cats. 

Descriptions  of  new  species  of  fos- 
sils, and  observations  upon  some  others 
previously  not  well  known,  from  the 
Trenton  limestones. 

In  Third  Rept  New  York  SUte  Cab.  Nat. 
Hist,  1850,  p.  167.  5  pis.  (2  eds.). 

Ataphut  extant. 

This  species  was  used  by  Mr.  E.  Billings  for 
the  type  of  Bathyunu, 

Description  of  new  or  rare  species  of 

fossils  from  the  PalSsozoic  series. 

In  Rept.  6eol.  Lake  Superior  Land  Diet. 
(Foster  and  Whitney),  1851,  pt.  2,  p.  203,  pla. 
22-^. 

Harpet  eteanabum,  Dikehetphalut,  Proetut, 
Phaeopt  anehiopt,  P.  oMieephalut,  Ataphut 
barrandii  tracks  of  a  Crustacean  f 

Paleontology  of  New  York.    Vol.  2. 


Containing  descriptions  of  the  organic 

remains  of  the  lower  divisions  of  the 

New  York  system.    Albany,  1852,  104 

pis. 

Phaeopt,  Prottut,  Calymene,  JTotnotonoCur, 
Arget,  Liehat,  Aeidatpit,  Ceraurut,  Cybele, 
Bumattit,  Beyriehia,  Oytheriiha,  Onchut. 

—  Nores  on  some  fossils  of  the  so-called 
Taconic  system  described  by  Doctor 
£mmon8. 

In  Am.  Jour.  Sci.,  2d  series,  voL  10,  1855^  p, 
434. 

OUnut  (Ell^toMphalitt)  ataphoidiei. 
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Hall  (James)— Continued. 
*•—  Description  of  new  species  of  fossils 
from  the  Carboniferous  limestone  of  In* 

< 

diana  and  Illinois. 

B«»d  in  18S6  and  pnbllahed  separately  by  the 
author.  See,  alao,  Trani.  Albany  Inst.,  vol.  1, 
pt  1,1857.  p.  1. 

C^fiKenna  earbonaria. 

Descriptions  of  these  fossils,  with  additional 
notes  by  B.P.  Whitfield,  were  pablished  in  the 
Ball  Am.  Mus.  Nat.  Hist,  New  York,  vol.  1,  No. 
3,1882. 

The  original  desoriptions,  with  additional  ob- 
servation by  James  Hall,  witl\  the  plates  from 
R.  P.  Whitfield's  memoir,  weropnblished  in  the 
IZth  Annnal  Kept  6eol.  Nat.  Hist.  Indiana* 
1882,  pp.  321<375,  pis.  28^82. 

The  Trilobites  of  the  shales  of  the 

Hudson  River  group. 

In  Twelfth  Bept.  New  York  State  Cab.  Nat 
Hist,  1858,  p.  58.  8  wood-cau.  See,  also,  Pa- 
IsBont.  New  York,  vol.  3, 1858;  Geol.  Vermont, 
voL  1,  1861;  13th 'Bept.  New  York  State  Cab. 
Nat  Hist,  1860. 

Oienui  thompsoni^  O.  vermarUtMa,  Pdtura 
(Oienut)  holopyge. 

Geolugtoal  Survey  New  York.  Pale- 
ontology. Vol.  3.  Containing  descrip- 
tions and  figures  of  the  organic  remains 
of  the  Lower  Helderberg  group  and  the 
Oriskany  sandstone.    1855-^59. 

Pt  1,  text,  1859;  pt  2,  plates,  1881. 120  pis. 

Proetus,  Phaeopt,  Dctlmania,  Homalonotus^ 
Ltehat,  Aeidaspig,  BronUut,  JEuryptenu,  Doli- 
ehopUrus  n.  subgenus,  Pterygotut,  LeperdUia^ 
Beyriehia^  Ceratiooarit,  OlenuM  thomptoni,  O. 
vermotUana,  Ptltura  {OUnu»)  holopyge. 

^—  Description  of  new  species  of  fossils 
fix>m  the  Silurian  rocks  of  Kova  Scotia. 
In  Canadian  Naturalist,  vol  6, 1860,  p.  144. 
Jffamalonobu  dawaoni  HaU,  Oalymene  Mu* 
menbaehii,  JhUmania  logani  Hall,  Befftiehia 
pUMtuXoaa  Hall,  B.  ctqilatera  Hall,  Ltp«rditia 
•inttoeaHalL 

Contributions  to  palasontology,  1858 

and  1859.  Notes  and  observations  upon 
the  fossils  of  the  Goniatite  limestone  in 
the  Marcellus  shale  of  the  Hamilton 
group  in  the  eastern  and  central  parts 
of  the  State  of  New  York,  and  those  of 
the  Goniatite  beds  of  Kockford,  In- 
diana ;  with  some  analogous  forms  from 
the  Hamilton  g^oup  proper. 

In  Thirteenth  Kept  New  York  Sute  Cab. 
Nat  Hist,  1660.  p.  95. 
Proetui  darig  Hall. 

Note  upon  the  Trilobites  of  the  shales 

of  the  Qu3bec  group  in  the  town  of 
Oeorgla,  Vermont. 
BdIJ,  63 3 


HaU  (James) — Continued. 

In  Thirteenth  Bept  New  York  State  Cab. 
Nat  ^ist,  1860,  p.  113. 

Barrandia  n.  g. 

This  term  was  nsed  by  Frederick  McCoy, 
in  1844,  for  a  genas  of  Trilobites. 

Bathynottu  n.  g. 

New  species  of  fossils  from  the  Hud- 
son River  group  of  Ohio  and  the  West- 
em  States. 

In  Thirteenth  Bept  New  York  State  Cab. 
Nat  Hist,  1860.  p.  119. 

Oaliftnene  ehrUtyi,  Proetut  parviuMeuhtM, 

—  Qeological  Survey  of  Wisconsin. 
Description  of  new  species  of  fossils 
from  the  investigations  of  the  survey, 
etc.  Beport  of  the  superintendent  of 
the  Geological  Survey,  exhibiting  the 
progress  of  the  work,'  January  1,  1861, 
p.  11. 

DtdnumUu,  Odlifmen*j  JUcBntu. 

Preliminary  notice  of  the  Trilobites 

and  other  Crustacea  of  the  Upper 
Helderberg,  Hamilton,  and  Chemung 
groups. 

Anther's  edition,  published  in  1861, 11  pis., 
170  pp. ;  15th  Kept  New  York  State  Cab.  Nat 
Hist,  1862,  p.  82. 

Olenelltu  n.  g.,  Proetut,  Pheteopt,  Dalmania^ 
C(%«i«fis,  HomaUmotutt  LieKatt  Aeidaspitt 
Beyriehiat  LeperdUia. 

Note  on  the  genus  Cypricardites. 

In  Fifteenth  Bept  New  York  State  Cab.  Nat. 
Hist,  1861,  p.  192.  Plate  illustrating  certain 
genera  and  species  described  by  T.  A.  Conrad 
in  the  6th  Annual  Bept  Pal.  Dept  New  York 
Geol.  Survey,  1841,  pi.  11  (reprint). 

Dieranurtu,  pi.  11,  fig.  1;  Atpidolitet,  pi.  11, 
fig.  2;  Addatpit  tu^ereutotuf,  pi.  11,  fig.  3. 

Note  upon  the  Trilobites  of  the  Hud- 
son River  group,  in  the  town  of  Georgia, 
Vermont. 

In  Geol.  Vermont,  vol.  1, 1861,  p.  367,  pi.  18. 
Barrandiat  B.  vennimtana,  Bathi/notut,  B. 
halopyga, 

PalsBOutology  of  Wisconsin.  Re- 
marks upon  the  condition  of  the  fossils 
in  the  rocks  of  the  several  formations. 
Catalogue  of  fossils  known  iu  the  Palae- 
ozoic formations  of  Wisconsin,  with 
observations  upon  some  of  the  known 
species  and  descriptions  of  several  new 

forms. 

Geol.  Survey  Wisconsin,  voL  1,  1862,  p.  425. 

On  a  new  Crustacean  from  the  Pots- 
dam sandstone.  A  letter  addressed  to 
Principal  Daw^pU;  dated  Albany,  Oct, 
31,  lb62. 
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Hall  (James) — Cou tinned. 

In  Canadian  Naturalist,  rol.  7, 1882,  p.  443, 
figure.  See  The  GeoloKlbt,  voL  6,  London,  1883, 
p.  247.  figure. 

Aglatpi*  u.  g. 

On  the  occurrence  of  Crustacean  re- 
mains of  the  genera  Ceratiooaria  and 
DithyrocariSf  with  a  notice  of  some  new 
species  from  the  Hamilton  group  and 
Genesee  slate. 

In  Sixteenth  Kept  New  York  State  Cab.  Nat. 
Hist,  Albany,  1863,  p.  71,  plate. 

Preliminary  notice  of  the  fauna  of 

the  Potsdam  sandstone,  with  remarks 
upon  the  previously  known  species  of 
fossils,  and  description  of  some  new 
ones  from  the  sandstones  of  the  Upper 
Mississippi  Valley. 

In  Sixteenth  Kept.  New  York  State  Cab.  Nat 
fiisit.,  1863,  p.  119,  6  pis.  Supplementary  note, 
p.  110. 

IHkeloeeptMltu,  TriarthreUa  n.  g.,  Cotwcepha- 
lut,  ArionelliLt,  ChariocephaXus  n.  g.,  PtycKat- 
pis  n.  g ,  Lichas,  IlUvnurug  u.  g.,  Ampkionf, 
Affnostus,  Pemphigcutpi*  n.  g.,  Aglaspit, 

-  Notice  of  some  new  species  of  fossils 
from  a  locality  of  the  Niagara  group  in 
Indiana,  with  a  list  of  identified  spe- 
cies from  the  same  place. 

In  Trans.  Albany  Inst.,  vol.  4,  1864,  p.  195. 
Author's  edition  published  May  2, 1863,  pp.  1-34. 

Daltnania,  CyphanpU^  LUiha9. 

Plates  of  the  species.  28th  Kept.  New  York 
SUte  Mus.  Nut  Hist.,  1879. 

-^—  Account  of  some  new  or  little  known 
species  of  fossils  from  rocks  of  the  age 
of  the  Niagara  group. 

In  T  went  ieth  Kept.  New  York  State  Cab.  Nat 
Hist.,  1867,  p.  305,  21  pis.  Originally  printed 
in  advance  for  the  18th  Report  New  York  State 
Cab.  Nat  Hist. ,  1864.  Kevisod  edition,  Albany, 
1870,  with  22  pis. 

Dabnania,  Oalyinene,  Liehcu^  Aeidatpit, 
Ceraurus,  Sphcerexoehxt^,  lUcenut,  Unerinunu, 
JBronteut. 

—  Geological  Survey  of  the  State  of 
Wisconsin,  1859-'63.  Paleontology. 
Pt.  3.  Organic  remains  of  the  Niagara 
group  and  the  associated  limestones. 
94  pp.,  18  pis.    Albany,  1871. 

The  same  wa«  published  in  1864  in  advance 
for  the  18th  Kept.  New  York  State  Cab.  Nat 
Hist,  1867,  under  the  title  of  "Account  of  some 
newer  little  known  species  of  fossils  from  rooks 
of  the  ago  of  the  Niagara  group."  See  20th 
Kept  New  York  State  Cab.  Nat  Hist,  rev. 
edition,  1870,  p.  347. 


Hall  (James)— Continued. 

Dtiscriptions  of  new  species  of  fossils 

from  the  Hudson  River  group  in  the 

vicinity  of  Cincinnati,  Ohio. 

In  Twenty-fourth  Kept  New  York  State 
Mns.  Nat  HUt.  Albany,  1872.  p.  225. 1  pi. 

Pabliahed  Oct,  1871,  in  advance  of  the  State 
Cab.  report. 

LeperdiHa^  Beyriehia, 

Descriptions  of  new  species  of  Cri- 

uoids  and  other  fossils  from  strata  of 
the  age  of  the  Hudson  River  group  and 
Trenton  limestone. 

In  Twenty-fonrth  Kept.  New  York  Sute 
Has.  Nat.  Hist.,  1872,  p.  205.  8  pis. 

IkUvumia  brevicept,  Proetu*  parviu9euhu. 
Advance  sheets  of  this  article  were  printed 
and  distribnted  in  November,  1886,  except  the 
first  four  species  of  Crinoidea  menti^oned  in  the 
foot-note  on  p.  20S,  which  were  first  published 
in  1871  in  a  pamphlet  entitled  "  New  apecies  of 
fossils  from  the  Hudson* River  group  in  the 
vicinity  of  CinchmaU,  Ohio." 

The  fauna  of  the  Niagara  group  in 

central  Indiana. 

Documents  only  of  Twenty>eighth  Kept 
New  York  State  Mus.  Nat  Hist,  1876,  34  pis. 

The  fauna  of  the  Niagara  in  central 

Indiana. 

In  Twenty-eighth  Rept  New  York  State 
Mus.  Nat  Hist,  1879.  p.  89.  84  pis. 

Oyphofpia,  DeUmanitet,  Odontoeiphalui,  Cfmly- 
tnene,  HonuUonoiu$,  Liehaa,  Ceraurua,  lUctnus, 
Beyriehia^  Leperditia. 

Illustrations  of  Devonian  fossils: 

Gasteropoda^  Pteropoda,  Cephalopoda, 
Crustacea,  and  Corals  of  the  Upper 
Helderberg;  Hamilton,  and  Chemung 
groups,  etc.  Albany,  1876, 7  pp. ,  13:J  pis. 
Proetxu,  PhiUipiia  (Brtiehymetopusf),  Pha- 
cop*,  Dalmanites,  OalymeiM,  Hmnalonotus,  Li- 
ehM,  Acidatpia  {Teratatpi$),  JHthyroearia,  Oertt- 
Hocarit, 

Descriptions  of  new  species  of  fossils 

from  the  Niagara  formation  at  Waldron, 
Indiana. 

In  Trans.  Albany  Inst,  vol.  10,  1683,  p.  57. 
Read  1879,  and  published  separately  in  1881. 

Aeidtupia  ftmbritUa,  Illamus  {BuinaMtua)^ 
loxtis. 

Description  of  the  species  of  fossils 

found  in  the  Niagara  group  at  Waldron, 
Indiana. 

In  Eleventh  Ann.  Rept  for  1881.  Dept  OeoL 
Nat.  Hist  Survey  Indiana,  1882,  p.  217,  36  pis. 

Cyphatjnt,  Dalmanitet,  Odontoeephalus.  Oaty- 
nutu,  Homalonotus,  LieluUt  Aeidatpit,  iOamiM, 
Beyrichia^  Leperditia, 
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Hall  (Jame8)~C<m tinned. 

Note  on  the  Eurypterida  of  the  De- 
vonian and  Carboniferous  formations 
of  Pennsylvania,  with  a  supplementary 
note  on  the  Stylonuru8  excelsior. 

In  Proc  Am.  Assoc.  Adv.  Sci.,  38d  meeting, 
Pblla.,  1884,  p.  420. 

Eurypteridw  from  the  Devonian  and 

Carbouiierons  foimations  of  Pennsyl- 
vania.   With  6  pis. 

Extracted  Kept  Prog.  PPP.,  2d  GeoL  Survey 
Peimsylvaiiia,  1884. 

Note  on  the  Eurypieridw  of  the  De- 
vonian and  Carboniferous  formations 
of  Pennsylvania. 

In  Second  Geol.  Survey  Pennsylvania,  Sept. 
Prog.  PPP.,  1884, 6  pis. 

JSurypUrfU,  Doliehoptenu,  Pterygotui^  Stylo- 
jftuntf,  EwrypUrvs  lAnthraeonectes)  mazonensiM 
H.  4tW. 

Description    of  a   new    species   of 

Stylonurtia  from  the  Catskill  group. 

In  Thirty-sixth  Bept.  Kew  York  SUte  Mas. 
Nat.  Hist..  1884,  p.  7«,  pi.  5. 

StyUmurus  ex^eltutr  HaU. 

There  was  a  short  notice  of  this  species  pab- 
lished  by  D.  S.  Martin  (Trans.  New  York 
Acad.  Sci.,  vol.  2,  1882,  p.  8).  This  notice  was 
baaed  upon  a  cast  of  the  carapace  in  the  New 
York  State  Masenm,  which  bad  been  labeled 
with  name  and  locality  by  Prof.  James  HaU. 

—  and  Whitfield  (R.  P.)  Descriptions 
of  new  species  of  fossils  from  the  vi- 
cinity of  Lonisville,  Ky.,  and  the  Falls 

of  the  Ohio. 

In  Twenty-foarth  Bept.  New  York  State 
Una.  Nat.  Hist.  1872,  p.  181,  pi.  13.  figs  20  and  21. 

JUamta  eomigerus  H.  &  W. 

— ^  Geological    Survey  of  Ohio. 

Vol.  2.  Geology  and  paleontology. 
Pt.  2.    Palaeontology.     1875,  p.  67,  pis. 

1-12. 

Proehu,  Dalmania,  CalytMne,  Lichas,  Encri- 
nuru»i  LeperdUia  (UochUina),  Beyriehia,  Flit- 
muUUt. 

—  Palffioutology. 

In  U.  S.  Geol.  Expl.  40th  Parallel,  voL4,  pt 
2, 1877.  7  pis. 

DikeUocepheUut,  Conoeephalitet,  Orepieepha- 
lu»  (LoganeUus)t  Ptycha»pi8^  Ohariocephalut, 
Bathyurut,  PtoetuSt  Ogygitt,  AgnottuM. 

and  Clarke  (John  M.)    Geological 

Survey  of  the  State  of  New  York. 
PalsBontology.  Vol.  VII.  Text  and 
plates,  containing  descriptions  of  the 
Trilobites  and  other  Crustacea  of  the 
Oriskany,  Upper  Helderberg,  Hamil- 
ton, Portage,  Chemung,  and  Catskill 
groups.    Albany,  1888,  236  pp.,  36  pis. 


Hall  (James)  and  Clarke  (John  M.)~ 
Continued. 

Trilobita:  Oalymene,  Eomalonotug^  Bron- 
tetu,  Phacopg,  Dalmanitet  aubgen.,  Uaut- 
manni  n.  8.  g.,  Coronura  n.  a.  p.^  OryphcevM, 
Odontoeephalutf  Oorycephalus,  Oha9moj)i^  Li- 
ehtu  Babgen.,  TeratatpU,  Oofioliehag.  Hfiplo- 
ehat,  Arg«M^  CkratoUehas,  Proetui,  PhcEthonide»i 
Oyphtupit. 

Xiphosura:  Protolemulua,  Eufypterus,  Stylo- 
nuniM. 

Phyllocaridffi :  Ceratioearit,  Eehinoearig,  Ely- 
moear%$^  Tropidoearit, 

l^neecaride:  Metothyra  n.  g. 

Khinoeardee :  Bhinocarit  n.  g. 

Discinocaridaa :  SpathiocarU,  DipterocarU, 

Decapoda:  Pakeopakemon. 

Fhyllopoda :  E»theria,  Schizoditeus  n.  g. 

Cirripidaa:  ProtobcUanut. 

Paheocrenaia :  StropbUepU  n.  g.,  TurriUpa: 

Hancock  ( Abbany).  Remarks  on  certain 
vermiform  fossils  found  in  the  mountain 
limestone  districts  of  the  north  of  Eng- 
land. 

In  Kept.  28th  Meeting  Brit  Assoc.  Adv.  Sci., 
1858,  Tran.  of  Sec.,  p.  80. 

Tracks  of  Trilobites. 

Harlan  (Richard).  Critical  notices  of 
various  organic  remains  hitherto  dis- 
covered in  North  America. 

In  Trans.  Oeol.  Soc.  FeonsylTania,  voL  1,  pt. 

1. 1834,  p.  46,  1  pi. 

The  author  herein  describes  two  species  of 
Eurypterut  and  gives  a  list  of  North  American 
Trilobites. 

Eurypterut  remipet  De  Kay,  E.  laetutris 
Harlan. 

Notice  of  nondescript  Trilobites  from 

the  State  of  New  York,  with  observa- 
tions on  the  genus  TriarthruSy  etc. 

In  Trans.  Geol.  Soc.  Pennsylvania,  vol  1,  pt. 

3. 1835,  p.  283,  pi.  15. 

Paradoxides  triarthrw  Ear.,  P.  areiuttut 
Har.,P.  tearahoides  Brong. 

Medical  and  physical  researohesi  or 

original  memoirs  in  medicine,  surgery, 
physiology,     geology,     zoology,     etc. 

Phila.,  1835,  36  pis. 

Contains  a  republication  of  the  above  articles 
under  Harlan,  pp.  253-313  and  400-403. 

Hartt  (C.  F.)  Fossils  of  the  Primordial 
or  Acadian  group  at  St.  John. 

In  Acadian  Geology,  the  geological  struct- 
nro,  orfi:anic  remains,  and  minenil  resources  of 
Nova  Scotia,  etc.,  by  J.  W.  Dawson,  2d  ed., 
London,  1868,  pp.  641-4)57;  also  3d  ed.,  i878, 
with  supplement  (wood-cute). 

Paradoxidet,  OonoeeptMlites,  Mieroditeut,  Ag- 
noitut. 

Mr.  (J.  F.  Hartt.  in  his  ori;:inal  description  of 
Mierodiacut  dawsoni  Hartt,  desfribtd  the  spe- 
cies oadoi  the  ii«w  %«ii«t\&  i^m^  v»l  X>«»a««An.. 
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Hartt(C.F.)— Continued.    - 

In  the  Acadian  Geology  the  Bpecies  is  placed 
under  tbe  genus  Mieroditettg  on  the  aathority 
of  Mr.  E.  BUlinga,  of  the  Canadian  Geological 
Survey. 

Appendix  B.     List  of  New  Brans- 

wick  fossils. 

See  Bailey's  "  Observations  on  the  Geol.  of 
Southern  New  Brunswick,  etc.,"  1866,  p.  148. 

and  Rathbun  (Biobard).    Morgan 

Expedition y  187(M7ii  On  tbe  Devonian 
Trilobites  and  MoUusks  of  Erer6,  Prov- 
ince of  Par^  Brazil. 

In  Annals  Lyceum  UTat.  Hist.,  New  York, 
▼ol.  11.  1875,  p.  110. 

Dalmania  paituna  H.  &  B.,  HomdUmotui 
oiara  H.  &  R. 

Ebiuer  (F.  von).    Ueber  Barrande's  Ver- 
sncb  einer  Classifikation  derXrilobiten. 
In  Sitznngsber.  d.  Wien.  Akad.    MatlL-na- 
turw,  Classe,  Y,  p.  304,  1850. 

Haolp  (K.)    Die  Fauna  der  Graptholi- 

tengest. 

In  Lausitzische  Mag.,  vol.  44,  Gdrllts,  1878,  p. 
75,  pi.  6. 

BeifHehia. 

Hawle  (Ignas).  See  Corda  (A.  J.  C.) 
and  Hawle  (Iguaz). 

Hayden  (F.  V.)  See  Meek  (F.  B.)  and 
Hayden(F.  V.). 

Heidenhain  (F.)  Ueber  Graptboliten- 
fUtirende  Diluvial-Gescbiebe  der  nord- 
dentscbeu  Ebene. 

In  Zoitschr.  Dentsch.  geol.  GeseU.,  vol.  21, 
18C9.  p.  143,  plate. 

Calymene  blumenbaehi^  DalmanitM  caudata, 
OdoThtopleura  ovata,  O.  nutiea^  Cyphatpit, 
Eomalonotiu,BeyriehiakUBden^  B.  nuteeoyanay 
B.  tvherculatui. 

Hellman  (A.)  Die  Petrefacten  Thiirin- 
gens.     Cassel,  1866,  5  pts.,  24  pis. 

Dalmania  tubereulata^  AddaspU  buehi,  Para- 
doxidts  »pino»ua. 

Hermann  (L.  D.)  Maslograpbia  BrigH3, 
Massel,  1711,  pi.  9,  fig.  50;  pi.  11,  fig. 
44 ;  pi.  12,  fig.  31. 

The  author  herein  compares  a  fh^pnent  of 
the  pygidium  of  an  JSnerinurua  to  a  scollop 
shelL 

Herrick  (C.  L. )  A  sketcb  of  tbe  geolog- 
ical bistory  of  Licking  County,  accom- 
pany in  g-  an  illustrated  catalogue  of 
Carboniferous  fossils  from  Flint  Ridge, 
Obio. 

In  Bull.  Denlson  Univ.,  vol.  2,  pt.  1,  1887,  p. 
6,  7  pis. 

Proetut,  PhiUipria,  QriJUkidett  BrachyvM- 
topui^  Valmanitesf. 


Herilck  (C.L.) — Continued. 

Appendix  2.    A  Waverly  Trilobite. 

In  Bull.  Denlson  D  niv.,  voL  2,  pt.  1, 1887,  p.  9^ 
pL  7.  fig.  14. 

PkUUpna  thumardi  Herriok. 

Tbe   geology  of  Licking    County, 

Obio.  Pt.  IV.  Tbe  Saboarboniferons 
and  Waverly  groups. 

In  Bull.  Denlson  Univ.,  vol.  3, 1888,  p.  13,  pis. 
2, 11,  and  12. 

PhUUptia  merameeerms  Sh.,  P.  ahumardi 
Her.,  P.  preKurtor  Her. 

— -  Oft  tbe  Trilobites  of  tbe  Obio  Wa- 
verly group. 

In  Author's  adranoe  sheets  &om  the  BoQ. 
Denlson  Univ.,  vol.  4, 1880,  1  pL 
Prostia,  PhceOumidet,  PhiUipna,  Oythsn, 

Notes  upon  tbe  Waverly  group  in 

Obio. 

In  Am.  Geologist,  vol.  3, 1889,  p.  94, 4  pis.  (not 
descriptive). 

Hibbert  (/>r.)  On  tbe  fresb- water  lime- 
stone of  Burdiebouse,  in  the  neigbbor- 
bood  of  Edinburgh,  belonging  to  tbe 
Carboniferous  group  of  rocks;  with  sup- 
plementary notes  on  other  fresh- water 
limestones. 

In  Trsns.  Boyal  Soo.  Edinburgh,  vol.  13»  1836. 
p.  169,  pL  9. 

The  author  gives  reduced  figures  of  Euryp- 
terus  remipes  De  Kay  and  E.  laeuttria  Harlan, 
taken  1ftt)m  Dr.  Richard  Harlan's  article  on 
"Organic  Remains  of  North  America." 

Hicks  (Henry).  Note  on  tbe  genus 
Anopolenus, 

In  Quart.  Jour.  GeoL  Soo.  London,  vol.  21, 
1865,  p.  477,  flgores. 
Anopoleniu. 

Description  of  new  species  of  fos- 
sils from  tbe  Longmynd  rooks  of  St. 
David's. 

In  Quart.  Jour.  Geol.  Soc.  London,  vol.  27, 

1871,  p.  399,  pi.  15. 

Paradoxidett  Plutonian  Conoeoryphe,  MierO' 
ditcui,  Agnottua,  Leperditiaf. 

On  some  undescri  bed  fossils  from  tbe 

Menevian  group,  with  a  note  on  tbe  £n- 
tomostraoa  by  Prof.  T.  Rupert  Jones. 
In  Quart.  Jour.  Geol.  Soo.  London,  vol.  28, 

1872,  p.  173,  pis.  5-7. 

Anoplenus,  Oeratuia  n  g.,  Erinnyt,  Cono- 
eoryphe, Arioneltut,  HoioeepAoUntf,  AgTioatu*^ 
Lfperditia,  Entomit. 

On  tbe  Tremadoc  rocks  in  the  neigh- 
borhood of  St.  David's,  South  Wales, 
and  their  fossil  contents. 

In  Quart.  Jour.  G^l.  Soo.  London,  voL  29, 

1873,  p.  39,  3  pis. 
Keseuretui  n.  g.,  Nioba, 
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Hicks  (Henry)— Continaed. 

Descriptions  of  new  species  of  fos- 
sils from  the  Arenig  gronp  of  St. 
David's. 

In  Qnjui.  Jour.  GeoL  Soo.  London,  vol.  81, 

1875,  p.  182,  8  pis. 

Phaeop9,  CtUirmene,  IHmideut,  Amp^a,  Bar- 
rmndia,  JEfftina,  P(a«({poria,  Ilktnut,  1  Uanop- 
Mitt. 

Appendix  to  Fossiliferons  Cambrian 

shales,  near  Cemarvon,  by  J.  £.  Marr. 

In  Qnart.  Jour.  GeoL  8oc.  London,  voL  32, 

1876,  p.  185. 
Canroeam,  JEgUna, 

Hiainger  (W.)  Anteckningar  i  physik 
och  geognosi  nnder  resor  nti  Sverige 
och  Norrige.  Stockholm,  8  pts.,  1828- 
'40. 

The  first  three  parts  contain  scarcely  any- 
thing on  Cmstacea;  the  remaining  parts  con- 
tain only  ennmerations  of  fossils,  without  de- 
scriptions. 

O^iherina  phtueoltu  His.,  pt  fi,  pi.  8,  fig.  3. 

^—  Tableau  des  petrifications  de  la 
SoMe  distribn^es  en  ordre  syst^ma- 
tiqne.    Stockholm,  1829. 

This  work  enumerates  40  species  of  Slloiian 
Crustacea  previously  described  by  J.  W.  Dal- 


The  second  edition  of  this  work  bears  the 
title  "Esquisse  d'un  tableau  des  petrifications 
de  la  Sndde."  Stockholm,  1831. 

This  work  contains  43  pages  and  a  syste- 
matic table  of  the  fossils,  in  which  46  species 
of  foasO  Crustacea  are  mentioned. 

—  Lethfea  Svecica,  seu  petriflcata  Sve- 
ciae  iconibus  et  characteribus  illustrata 
dnobus  supplementis.  Holmi»,  1837- 
'41,  4to,  42  pU. 

The  first  part  of  this  work  was  published  in 
1836  under  the  title  "Icones  petriflca'orum 
Svecis.  Fas.  I.  Animalia  articulata  et  moUasca 
(Cephalopoda."  The  plates,  1  t<»  10,  were  sent 
by  the  author  onfy  to  his  friends.  In  1837, 
Letbsa  Svecica  was  published;  it  contained 
124  pages  and  39  plates.  The  first  three  are 
marked  A,  B,  C.  Th«»  fossil  Crustacea  de- 
scribed in  this  work  are  those  of  J.W.Dal- 
man's  PiJsadema,  with  copies  of  his  descrip- 
tions and  figures.  The  second  supplement, 
published  at  Stockholm  in  1849,  contains  eleven 
pages  and  three  plates.  Figures  and  desorip- 
tions  of  Calymene  davifronM^  Ataphut  (Tri- 
nucleut)  $4eUeomiM,  JL.  cyUarut  (Trinutletu) 
and  Oalymene  {Oheiruru*}  tpeeiosa.  "  Lethea 
Svecica,  sou  petriflcata  Sveci»,  supplementa 
secnndi  continuatio,"  wss  published  at  Stock- 
holm in  1841 ;  it  contains  six  pages  and  three 
plates  (60-62).  Figures  and  description  of  a 
(Mymen: 


HoeninghauB  ( F.  \V. }  Besohreibung 
tiber  Abbildungen  von  Calymene  arack- 
noides,    Crefeld,  1835,  1  pi.  (*) 

Ueber    die    VersteineruDgen   des 

Uebergangs-Thonschiefers    von   Weis- 
senbach im  Dillenburgschen.  (*) 

In  Isis  (Oder  Encycl.  Zeitung),  Oken,  1830,  p. 
96 ;  Neues  Jabrbnch  ffir  Mineral.,  1831,  p.  341. 
0<Uyf¥un4  nMerophthalma. 

— « —     Trilobiten     der     geognostischen 
Sammlnng.    Crefeld,  1843,  plate.     {*) 
Ataphut  dalmani. 

— '—  Harpes  reflexus,  Crefeld,  1847,  1  p., 
Ipl. 

Hoffinan  (E.)  Sammtliche  bis  jetzt  be- 
kannte  Trilobiten  Rnsslands. 

In  Verhandl.  russ.  k.  mineral.  Gesell.  zu  St. 
Petersburg.  1857-'58.  p.  21,  7  pis. 

Proetut,  FhiUipna,  Pkacopt,  Ohasmopi^ 
CMymene,  Liokas,  Ampyx,  Aaaphtu^  Okeirurua^ 
Sphcerexoehut^  Zethut,  EncrinuruM,  Amphiont 
Bront&utt  lUamut,  NUeut^  AgtMttut. 

Holl  (F.)  Handbnch  der  Petrefacten- 
kunde,  etc.    Dresden,  1841,  p.  155. 

CaZynMfM,  Ataphut,  NUe^tt,  Ilkenut,  Liehcu, 
Ampyx,  Offygia,  Olenut,  Battut. 

The  author  gives  short  descriptions  of  the 
Trilobites  described  by  Alex.  Brongniart.  J. 
W.  Dalman,  E.  Eichwald,  von  Schlotheim, 
and  others. 

Holl  (H.  B.)  See  Jonea  (T.  Rupert)  and 
Holl(H.  B.). 

Hollier  (£.)    On  a  specimen  of  ^omafo- 
notvis  delphinocephalus  fonnd  at  Dudley. 
Trans.  Manchester  Geol.  ft>c.,  vol.  9, 1889, 
p.  28. 

Holm  (  Gerhard  ) .  Anteckningar  om 
Wahlenberg's  Ill<enu8  craasicauda. 

In  Svenska  Yetensk.  Akad.  Fdrbandl.,  1880, 
No.  4,  p.  3,  Stockholm,  pi.  5. 

Bemerkungen  iiber  IllasnuB  crassi- 

Cauda  Wabl. 

In  Zeitscbr.  dentsch.  geol.  Gesell.,  vol.  32,  pt. 
2-4,  1880,  p.  M9,  pi.  23. 

Ueber  einige  Trilobiten  aus  dem 
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Fourth  report  of  the  committeei  con- 
sisting of  Mr.  R.  Rtheridge,  Dr.  H. 
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"Now  that  not  only  Oy there  hut  its  allied 
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Jordan  (H.)     Ueberreste  eines  kleinen 
Uberaus  merkwiirdigen  Crustacees. 


T0ODB6.] 


LIST  OF  AUTHORS. 


43 


Jordan  (H.)— Contimied.  . 

In  Verhandl.  natur.  Verdns  prenaaisoben 
Bheiii1aDd«,  Jfthrg.,  to).  4,  1847,  p.  88,  pi.  2, 
figs.  1,  2. 

6anip9onif9  (yon  ICeyer)  n.  g. 

and  Meyer  (H.  von).    Ueber  die 

CruBtaceen   der  Steinkohlenformation 
Ton  Saarbriioken.    Caasel,  1654,  2  pis. 
€tampiony9,  Adslophthalmut  (BurypUrut), 
Ckonianotui,  Arthropleura, 

Jokes  (F.)  and  Sowerby  (J.  D.  C.)  An 
account  of  a  new  speoiea  of  Trilobite 
foond  in  tbe  Barr  limestone  in  tbe 
neigbborbood  of  Birmiugbani,  by  Fred- 
erick Jukes,  witb  a  note  by  J.  D.  C. 
Sowerby. 

In  Hag.  Nat.  Hist  (London),  vol.  2,  London, 
1829,  p.  41,  5  fls».j  Am.  Jour.  Sci..  Ist  serieii, 
Tol.  23.  1833.  p.  203;  Keoes  Jahrbnoh  fiir  Mi- 
neral., 1833,  p.  824. 

(BumatUt  barriensit),  Ataphus^  (Mymene. 

Karsten  (Gustav).  Die  Vereteinerangen 
de.s  Uebergangs-Gebirges  in  den  Ge- 
rollen  der  Herzogthttiner  Scbleswig  nnd 
Holstein..  Kiel,  mf)9,  25  pis. 

OtenuM,  Pioetui,  Cfyphatpii,  Fhaeopt,  Oa^f- 
mtne,  Liehat,  Trinudeui,  Ampyx,  Ataphut^ 
J^oteluM,  Oeraunu,  Sphcerexoehiu,  Enerinunu, 
NUeut,  AgrMHua,  BsyHehiOt  Oythere. 

Kay  ser  (  Emau  uel ).  Beitrage  zar  Geolo- 
gie  and  Paleeontologie  der  Argentini- 
scben  Repubtik.     Cassol,  1876,  2  pis. 

(Henui.  Ariondku,  BcUhyurutf^  ArethuHna, 
Ampyx,  Ataphut,  Ogygia^  Agno§tuM^  LeperdiHa, 

Die  Fanaa  der  altesteu  Devonbiidan- 

l^en  dee  Harzes. 

In  Abhandlnngon  snr  geologischen  Speoiid- 
karte  von  Proaaaen  und  den  thUringlaclien 
Staaten.  Vol.  2,  pt  4.  Berlin,  1878.  Atlaa,36 
pis. 

Harper,  Proetus,  Oryphtrnts,  Oyph<up%»,  PA«> 
eopt,  DaluianiUi^  Liekat,  Acida^it^  Brontmu^ 
Primitia,  Dithyroearia. 

Ueber  Dalmaniies  rhenanus,  eine  Art 

der  HaMamanfii-Gruppe,  mid  einige  an- 
dere  Trilobiten  aus  den  iilteren  rbei- 
nischen  Daobsobiefern. 

In  Zeitacbr.  Deataob.  geol.  OeaelL,  vol.  82, 
1880,  p.  19,  pi.  3. 
Fkae^pa,  Oryphoms,  DalmaniU$. 

DeeheneUaf  eine  devonische  Gmppe 

der  Gattong  PhilUpiia, 

In  ZeitRcbr.  Deataob.  geol.  GeaelL,  toL  32, 
1880,  p.  703,  pL  27. 
DeehenMa  n.  g. 

Beitrage  znr  Kenntniss  von  Oberde- 

TOQ  und  Culm  am  Nordrande  des  rhei- 
niscben  Schiefergebirges;  Arten  aus 
dem  Culm  von  Aprath. 


Kayser  (Emannel) — Continned. 

In  Jabrbncb  Preoaa.  geol.  Landeaanat.  nnd 
Bergakad.,  ^rlin,  1881,  p.  87. 

FhUlipsia  agualitt  F,  langicomis,  P.  eicK- 
woMi,  P.  «narginata. 

Die    Ortbocerassobiefer    zwisoben 

Balduinstein  nnd  Lanrenberg  an  der 
Labn.    Palieontologischer  Anhaug. 

In  Jabrbaoh  Prensa.  geoL  Landesaust.  nod 
Bergakad.,  Berlin,  1883,  p.  34,  pi.  3,  fig.  6. 

FhaeopM  fseundut,  Oryphau*  rotundifront, 
O.kochi. 

— ^  Mittel-  nnd  obersilnrisobe  Verstei* 
nernngen  aus  dem  Gebirgsland  von 
Tsban  Tiens. 

In  Cbina  (Ricbtbofen),  vol.  4,  Berlin,  1883, 
p.  37. 

A$aphu9^  CalymeMt  Trinudeua  riehihofeny 
EnerinuruB, 

Obercarboniscbe  Fanna  von  Loping. 

In  Cbina  (Riobtbofon),  toL  4,  Berlin,  1883,  p. 
161. 
Fhmpaia  vibtuticatida,  pi.  19,  flg.  8. 

Keyea  (Chas.  R.)    On  the  fanna  of  tbe 
Lower  Coal  Measures  of  central  Iowa. 
In  Proo.  Acad.  Nat  Soi.  Pbila.,  1888.  p.  222. 
Oythere  nebraeenHi. 

Kieao^tr  (J.  von).  Ueber  silnrische  and 
devonische  Gesohiebe  West-Preussens. 

In  Scbrift  nat  (JeaelL  Danzig,  new  aeries, 
vol.  8, 1884,  p.  205, 3  pU. 

Proetu$,  Phaeopt,  CalymctM,  Liehat, Ampyx, 
Ataphus,  Plychopyge,  Ilkentu,  Aeidatpit, 
Oheirurtu,  Enerinurut,  Beyriehia,  Leperditia, 
PrimiHa,  OytherOHna, 

Ueber  gotlandische  Beyrichien, 

In  Zeitacbr.  Deataob.  geoL  GeaelL,  vol.  40, 
1888,  p.  1.  2  pla. 

Klnnear  ( W.  T. )    Note  on  tbe  occurrence 
of  a  new  Carboniferous  Crustacean  at 
'  Ardrois  Castle,  Fife. 

In  Trana.  Bdinbnrgb  Geol.  Soo.,vol.S,pt3, 
1887,  p.  417. 

Dithyroeariit  PdUfoeremgon,  Ceratioearit, 
Bottroearii  n.  g. 

Kinaky  (Gra/ von).  Sohreiben  des  H. 
Grafen  von  Kinsky  an  von  Born  Uber 
einige  mineralogische  und  litbologische 
Merk  wiirdigkei  ten . 

In  Abbandlungen  einer  Privat-Qeaell.  in  Bob- 
men,  ToL  1,  Prag,  177^  p.  243. 

Klrkby  (J.  W.)  On  some  Permian  fos- 
sils from  Durham. 

In  Trana.  Tyneaide  Nat  Field  Clab,Tol.3, 
1858,  p.  288. 

Oti  Permian  Entomostraca  from  the 

shell  limestone  of  Durham.    With  notes 
on  the  species  by  T.  Rupert  Jones. 


44 


A  BIBLIOGR^HT  OF  PALEOZOIC   CRUSTACEA. 


[BULL  ft 


Kirkby  (J.  WO—Qontinaed. 

In  Annals  Mag.  Nat.  Hist.,  3d  aeriea,  Lon- 
don, vol.  2. 1656,  p.  817, 4  pla. 
Kirkbyut  Oyth9Tid<e,  Cythere,  JBair^ia. 

and  Jones  (T.  Bapert).  On  Per- 
mian Entomostraca. 

In  Trans.  Tynealde  Kat  Field  Clal>,VQL4, 
18S6.p.l22,4pls. 

See,  also,  Xonea  (T.  Bnpert)  and  Kirkby  (J. 
W.),  and  JoBM  (T.  Knpert),  Kirkby  (J.  W.). 
and  Brady  <M.  P.). 

—  On  the  Pennian  rocks  of  South  York- 
shire and  their  Pal»ontologicaI  rela- 
tions. 

In  Qaart  Joar.  GeoL  Soo.  London,  toL  17, 
1661,  p.  267. 

Oytkere  (BairdiaU  Kirtbya. 

On  some  additional  species  that  are 

common  to  the  Carhonilbions  and  Per- 
mian strata. 

In  Annala  Mag.  Nat  Hist,  8d  aeries,  Lon- 
don,yoLl(l,18(t2,p.a02. 

KJerulf  (Theo.)  Veiviserved  geolof^iske 
Exkursioner  i  Christiania  og  Omegn. 
Christiania,  1865. 

The  author  herein  gives  a  list  of  Norwegian 
Silurian  foasUs,  with  some  notes  and  figures  on 
the  genera  Oeratopyget  Oyrtometopui,  ItUmtit, 
Phaeop9. 

Klein  (J.  T.)     Specimen  descriptionis 
I>etrefactoramGedanensinm  order  Oryc- 
-  tographia  Gedaunensis,  etc.  (*) 

In  Nuremberg,  1770,  folio,  pi.  IS,  figs.  5-7. 
Oalymene  blumenbaehii. 

Xloden  (K.  F.)  Die  Versteinerungen  des 
Mark  Brandenbarg,  etc.  Berlin,  1834, 
10  pis. 

Oytherina  phoHolvM  CkUymene  blumen- 
h€iehii,  0.  TW.tubercuUUa,  O.  vtx.puieKelia,  O, 
icUropa,  O. punctata,  O.  eoneiama,  O.polytomal, 
Ataphut  extenuatutf,  A.  angtut^front^  A.  ex- 
pantuMy  A,  aurietUatut,  A.  dilatatus,  A,  (flto- 
nut)  eratiieauda,  A,  (Ampyx)  noiututf^  A.eau- 
datut,  Battut  pit^formit,  B.  tubereuiatut^  pL  1, 
figs,  lft-23.  F.  McCoy,  "Brit.  PaL  Rocks, "p. 
136,  remarks  on  this  species  that  the  name  Bey- 
riehia  tubereuUUua  is  generally  applied  to  fig. 
22  of  Kloden's  plate,  which  is  a  common  form 
in  the  Gothland  beds) ;  Battut  gigas^  pL  2,  flg.  1. 

Koch  (C.)  Monographic  der  Homalo- 
notas-Arten  des  rheinisohen  Unterde- 
von. 

In  Preuss.  geol.  Landeaanstalt,  Abhandl., 
Berlin,  1868,  toL  4,  pt  2. 

Koenen  (A.  von).  Die  Kulm-Fanna  von 
Herborn. 

In  Neues  Jahrbuoh  fiir  Mineral.,  1879,  p.  309, 
pis.  6, 7. 

PhUHptia,  Proetut. 


Koenen  (A  Yon) — Continued. 

Ueber  die  Unterseite  der  Trilobiten. 

.  In  Neues  Jahrbuoh  Tdr  MlneraL,  1880,  toL  1, 
p.  429,  pL  8,  fles.  9,  10. 
PAoeopf,  AiapkuM,  Calymens, 

Ueber  Clymenieukalk  nnd  Mittel> 

Devonien  bei  Montpellier. 

In  Neues  Jahrbuoh  fiir  MineraL,  1888,  p.  10. 
DeekeneUa  e»eotL 

Kolmodin  (Lars).     Bidrag  till  kaune- 
domen  om    Sveriges  Silariska  Ostra- 

coder. 

In  Akad.  Afhandling  som  med  tiUst&nd  s( 
TidtberSmda  FiloaoflskA  Fakult«tens  i  Upnis. 
etc.,  1869, 1  pL 

Leperditia,  Beyriekia,  OytheroptU,  Elpe. 

Ostracoda  Silurica  Gotlandia  ena- 

merat. 

In  (Vfrersigt  kongL  Yet  Akad.  Forhandlin- 
gar,  1879,  No.  9,  p.  133.  pi.  19. 

LeperdUia,  Beyriehia,  Elpe. 

Kdnig  (C.  £.)    Icones  fossilium  sectiles. 

Centxtria  prima,  text,  4  pp.,  pla  1-8;  Cen* 
turiA  seconds,  pla.  9-19. ;  n.d. 

The  common  edition  of  this  work  has  only 
four  pages  of  text  and  eight  plates  (London, 
1620, 4to). 

Cfalymene  deeipieng.  p.  2,  pL  3,  flg.  32  (fD^MO. 
cephaluthoji) ;  Aaaphusmyopit  p.  S,  pi.  4,  flg.  53; 
Himtatonotut  n.  g..  H.  tnigkii,  p.  4,  pi.  7,  flg.  85; 
Aynof£u«,  pi.  10,flg8.  119,120;  liotelusgigai^pL 
10,  flg.  121;  Ataphut  extenuatut,  pi.  10,  fig.  122; 

A,  erattieauda,  pi.  13,  flg.  150;  BeUnurut  n.  g., 

B.  beUulut,  pi.  18,  flfc.  230. 

For  a  description  of  the  genus  BeUnurut^  see 
W.  H.  Baily's  article,  Annals  Mag.  Nau  Hist., 
8d  series,  London,  toL  U,  1863. 

Koninck  (L.-6.  de).    M^moire  sar  lee 
Crnstac^s  fossiles  de  Belgiqne. 

In  M6m.  Aoad.  Sci.  Bruxelles,  vol.  14,  1641, 
Ipl. 

Ooldiut  n.  g.,  Ataphut,  Oydut  n.  g.,  Qytk€' 
rina,  Oypridina,  CfypreUa  n.  g.  (PhiUiptia  and 
Bnmteut). 

Description  des  animanz  fossiles  qui 

se  trouTent  dans  le  terrain  carboni- 
f^re  de  Belgique.     Li^ge,  lH42-'44. 

Oythere,  Cypridina,  CfypreUa,  OyprideUamg.^ 
Cfyclut,  PhiUiptia  hrongniarti,  P.  (jiofricepf,  P. 
derbyentit,  P.  gemmuli/era,  P.  puttuiata,  P. 
jonetii. 

Recherches  sur  les  fossiles  pal»o- 

zoiqoes  de  la  Nouvelle-Galles  dn  Sud 
Australie. 

In  M6m.  Soc.  Sci.  Lidge,  2d  scries,  toL  6, 1877. 

lUcenus,  Staurocephalus,  Cheirurut  Sneri- 
nurut,  Oromut,  Ckilymene,  Proetut,  Liehas^ 
Bronteutj  Harpet, 
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Koninok  (L.-G.  de)— Continaed. 

Recherohes  siir  les  fossiles  palieo- 

zolqaes  de  la  Noavelle-Qalles  da  Sad 
Aostralie. 

In  H611].  Soo.  ScL  Li&ge,  2d  Mries,  yol.  7, 1878. 
FKUUpaia^  €hrijl(hide»t  Brachymetopya. 

Sur  une  noayelle  esp^ce  de  orastao^ 

da  terrain  houiller  de  la  Belgiqae. 

In  Ball.  Aciid.  Sc  BmzeUes,  2d  series,  yoI. 
45,1878.  p.  409^1  pi. 

Braehypjfge  carbonU. 

The  principal  part  of  thia  article  is  a  letter 
from  I>r.  Henry  Woodward  to  L.  O.  de  Koninck. 

Notice  snr  le  PrestwichM  rotitiidato 

J.  Prestwioh,  d^oavert  dans  le  schiste 

houiller  de  Horme)  pr^s  Mens. 

In  BnlL  Acad.  ScL  Bmxelles,  3d  series,  yoL  1, 
1881,  p.  91.1  pi. 

Kranae  (A.)  Die  Fanaa  der  sogen. 
Beyiicbien  oder  Choneten-Kalke  dos 
norddeotschen  Dilavianis. 

In  Zeitsohr.  Deatsoh.  geol.  Oesell.,  vol.  20, 
Berlin,  1877,  p.  1, 1  pi. 

Oolymeiu  blumenbaehii,  Phaeopg  dawninga^ 
Proetut  eoncinus,  LeperdUia^  Bea/riohia,  Oythe- 
reOtno,  Primitia. 

Knntgen  (K.)    Die  Trilobiten.  (*) 

In  Mns.  Loxemborg.  1877. 

Kntorga  (S. )  Beitrage  zar  Eenntn.  der 
orgaaischen  Ueberreate  des  Kapfer- 
sandst.  am  westl.  Abbange  des  Urals. 
St.  Petersbarg,  1838,  p.  22,  pi.  4,  figs. 
1-3. 

Limulut  oeulatU$  Katorga. 

]^onard  d'Blch  wald  ( * '  Lethssa  Rosslca, "  voL 
1,  p.  1360)  nses  this  species  for  a  type  of  his  new 
genua,  Oompylocq^htilus. 

Ueber  einige   baltiscbe   silurische 

Trilobiten. 

In  Yerhandl.  ross.  "k.  mineral.  Gesell.  sn  St. 
Petersburg,  1847,  p.  287,  plate. 
AMophus^  Jlkmtur,  Enerinurtu. 

Einige  Sphofrexoohus  nad  Cheirurus 

aaa  den  silarisohen  Ealksteinsohichten 
des  Gey.  St.  Petersburg. 

In  YerhandL  mss.  k.  mineral.  Gesell.  an  St 
Petersburg,  1854,  p.  105, 3  pis. 

Oheintnu  g&tnbnitztii,  O.  ina,erophihalmu», 
^phctr$xo€h%t»  cranium^  B,  lumicranium^  8. 
platycranium,  8.  enuruf. 

X«ang  (C.  N.)  Historia  lapidam  figura- 
torum  Helyetia  ejasqoe  yioinao  in  qua 
enarrantaromnia  eoram  genera,  species 
et  vires.    Venetiis,  1708.  (•) 

Tractatns  de  originelapidum  figura- 

torum  Helvetise.    Lucernas,  1709.      (*) 


Laapeyres  (H.)  Das  fossile  Pbyllopo- 
den-Genus  Leaia* 

In  Zeitschr.  Deatsoh.  geol.  Gesell.,  Berlin, 
1870,  p.  733, 1  pL 

Latreille  (P.-A. )  Afflnit^s  des  Tri lobites. 

In  H6ra.  Mus.  Hist.  Nat.,  Brnxelles.  yol.  7, 

1821,  p.  32 ;  Annals  Sol.  Pbys.,  Bmxelles,  voL  e. 

Laiiyrow(N.)  ZweineneAsapbns-Arten 
aus  dem  siluriscben  Kalksteine. 

In  Yerhandl.  mss.  k.  mineral.  Gesell.  zu  St, 
Petersborg,  186&-*5e,  p.  237,  pis.  4, 6. 

—  Ptjfchopyge  und  MegalaspiB,  Trilobi- 
ten der  unter-sllurisoben  Kalksteine. 

In  YerhandL  mss.  k.  minernl.  GeseU.  zn  St. 
Petersborg,  1857-'68,  p.  146.  plate. 

laebeaconte  (M.-P.)  Constitution  g^u€- 
rale  da  massif  breton  compared  h  celle 
da  Finist^re. 

In  Bull.  Soc.  G60I.  France,  Sd  series,  vol.  14, 
1888,  p.  77<V  pis.  34-36. 

HoTnalonotut  barroisi,  H.  htberti^  OgygiUs. 
laehmann  (J.  G. )  Yersuoh  einer  Ge- 
scbicbte  you  Flotzgebirgen  betreffend 
deren  Entstebnng,  Lege,  darin  befind- 
licben  Metalle,  Mineralien  und  Fossi- 
lien.    Berlin,  17.56.  (•) 

De  Entrocbis  et  Asteriis.  (•) 

In  Novi  Comm.  Sci.  PetropoL,  voL  10,  1764, 
p.  420,  par.  12,  par.  12,  figs.  8-10. 

Letichtenberg  (M.  H.  yon).  Bescbrei- 
bung  eiuiger  neuet  Tbierreste  der  Ur- 
welt  yon  Zarskoje-Selo.  St.  Peters- 
burg, 1843,  2  pis. 

Asaphiu,  NUeuB,  Metopiat, 

Zih^ryd  (Edward).  Part  of  a  letter  from 
Mr.  Edward  Lbwyd  to  Doctor  Martin 
Lister. 

In  Philos.  Trans.  Boyal  Soo.  London,  vol.  20. 
No.  248. 1608.  p.  299,  plate,  figs.  8»  0,  and  10. 

This  paper  contains  the  oarUest  account  of 
Trilobites.  The  anthor  discovered  two  frag- 
ments and  one  entire  specimen  of  Ogygia  frucAu 
near  Liandeilo,  in  Carmarthenshire.  Lhwyd 
says  in  his  letter  that  he  did  not  know  what  to 
make  of  theae  fossils.  The  Ogygia  (fig.  10)  he 
refers  to  the  skeleton  of  an  nnknown  fish.  Fig. 
8  represents  the  head  of  a  species  of  the  genus 
TrinucUut, 

Lithophylacii  Brltannioi  Icbnogra- 

pbia.    Londini,  1699,  23  pis.;  2d  ed., 
1760. 

Thia  work  gives  a  catalogue  of  English  fos- 
sUs  contained  in  the  Ashmolean  Museum,  and 
also  several  essays  on  fossils.  In  the  author's 
article  "  EpistolaL  delapldibnsquibusdam  Ger* 
mania  aoceptis,"  pp.  05-100,  he  alludes  to  an 
Ogygia^  and  remarks :  "This  ichthyomorphous 
stone  sirims  spread  out  on  its  aide,  although  it 
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Lhwyd  (Edward) — Continued. 
docB  not  correspond'to  any  apeoiinen  heretofore 
discovered ;  it  does  not  agree  in  its  external  out- 
line to  year  foeeil,  bat  repreeente  the  skeleton 
of  the  same  or  of  a  sole,  only  the  speoimen  is 
striated  on  the  circamference.  The  figure  be> 
longs  to  Buglouium,  or  the  sole  flah.  except  it 
is  somewhat  larger  and  loss  compresi»ed  at  its 
extremities,  but  it  wants  the  tail  of  a  fish.  We 
call  it  Buglouam  ourtam  itrigotam."  He  also 
gives  a  description  and  figure  of  Trinudeiujlm- 
briatum  vuXgare,  pi.  22, 23,  on  which  H.  I.  Mnr- 
chison afterwards  founded  the  genus  TrinutHeuB, 

Lindaker  (  T.  J. )  Beschreibnng  einer 
nooh  nicbt  bekannten  KafermnscheL  (*) 

In  Mayer's  Sammlung  phys.  Aufstttze,  Dres- 
den, yol.  1,  1791,  p.  87,  pi.  1. 

The  author  describes  under  the  name  of 
"gegitterte  KiUermuBchel"  a  IVmucIma  f rom 
Prague. 

Lindatrom  (G.)  Norminafossilium  Silu- 
rienBinm  Gotlandies  Laro  verks  program. 
Viflby,  ld67. 

FrotixiM^  Phaeopi,  Calymene,  Hoindlonotu$, 
LichoBy  Aeidatpit,  Trapelocera,  OhHrurut^  Dei- 
phon^  8phterexochu$y  Oryptonymua^  BttmUui, 
Bunuutua,  Buryptenu,  Fterygoht*,  Oeratioea' 
rit,  Beyriehia,  Leper dUia^  Oytheropna, 

List  of  the  foasila  of  the  Upper  Sila- 

rian  formation  of  Gothland.     Stock- 
holm, 1885. 

Fortecknlng  p&  Gotland  Silariska 

Crustac^er. 

In  Ofyersigt.  Kongl.  Vet.  Akad.  F5rhand- 
lingar,  1885,  No.  6,  p.  37,  pis.  12-16. 

Sarpes,  Froetut,  Cfyphaepia^  Phcetonidea,  Pha 
eopt,  Calymene,  Homalonotus,  Liekae,  IVoeftu- 
rtu.  AcicUupie,  Oheirurtis,  Sphofrexochtu,  Toun- 
gia  n.  g  ,  Deiphon,  Bncrinurut,  lUanue,  Bron- 
teui,  Eurypterui. 

Linnarason  (J.  G.  O.)  Om  de  Siluriska 
hildningarne  1  Mellersta  Westergot- 
land.   1. 

In  Akad.  Afhandling  som  med  tiUst&nd  af 
Yidtberomda  Filosoflska  Fakulten  1  Upsala, 
etc.,  1866,  2  pis. 

The  Trilobltes  are  grouped  as  follows: 
PhaoopidfiB:  Phacopt.  Cheiruridse:  PUomera, 
Cyrtofnetopust  JSpfuerexochua.  Encrinurids: 
Cybele,  Acidaspid»:  Aeu2Mp{#.  Llchidad:!^- 
choi.  Harpedid»:  Arraphut,  Calymenidie: 
Oalymene,  Homalonotm.  Anlaoopleuridn: 
AiUaeopleura.  Liostracide:  Lioatraeut.  Ole- 
nidte:  Panidoxide*,  CHen%t*t  Peltura,  Parabo- 
Una,  Eurycaret  SphofroptUhalmua.  Bemo- 
pleurideie:  Bemopleurxdes.  Proetideo:  Forbe- 
fia.  AsaphidaB:  Asapkut,  Megalaspit,  Pty- 
ehopyge,  Ogygiaf,  Niobe.  llliBnid»:  Ittcenua^ 
Bhodope,  NiXeut,  Symphyturut,  JEgliria,  Tri- 
nuoleids:  Trinucleua,  Ampyx,  Lonehodomaa, 
BaphiopJiorus^  BUmide.  Agnostics:  Agnot- 
tut.     Incerte  sedis:  Solometopus. 


Linnaraaon  (J.  G.  O.) — Continued. 

The  author  also  gives  descriptions  sod  fl|t- 
urea  of  the  following  species :  Phacopt  pvkhd- 
lu»,  Cfyrtometoput  latilobua,  SpkiiereaaoehiitU^ 
eep»,  Liehas  a^gmentaiua,  Ogygiaf  ajnettlsls, 
Ilkenut  litnbatuat  Agnottut  ajfinU. 

Cm  Yeatergotlands  Carabriska  och 

Silariska  Aflagringar. 

In  Kongl.  Svenska  Yet.-Akad.  Handl.,  toI 
8,  No.  2,  1869,  2  pis. 

Harpee,  Bemopleuridea,  Paradozidet,  Bitdt- 
eepkalut,  Olenut,  Triarthrut,  Ceratopyge,  Cvm- 
eorypKe,  Anomoeare,    Arionellue,    Liottracviy 
Euloma,  Holometopua,  Proetus,  Harpidet,  FkUr 
liptia^  Phaeope.OtUyniene^  Romalonottu.  Liduu, 
Trinueletts,  Atnpyx^  Bionide,  A»aphu$,  Mega- 
Uupie,  SymphyeuruM,  Stygina,   Ogygia^  i^'tote, 
^gUna,  Aeidoipis,   Oheirunu.  SpharexockvA, 
^auroeephalua,  PHomera,  OybeU^  Enerinurui, 
Dindymene,  ffUeut,  Panderia,  Agnostue,  Leper- 
ditia^  Beyriehia,  Primitia, 

Diagnoses    Bpeciemm   novarnm  e 

classe  Crastaceorum  in  depositis  Cam- 
brisis  et  Silnricis  Vestrogotite  Sueci» 
repertarnm. 

In  Ofyersigt.  KongL  Svenska  Yet.-Akad. 
Forhandl.,  1868,  Ko.  1,  p.  191. 

Bemopleuridee,  Triarthrue,  Phacopt,  Trinti- 
eieus,  Symphyturut,  Ogygia,  Niobe.  Acidagpit, 
Oheirurut,  OybeU,  Dindymsne,  Panderia,  Ag- 
nottw,  Lichat,  Leperditia,  Bcyriehia,  Primitia, 
TrUobitet  cenioma. 

Jemforelse  mellan  de  Silariska  afla- 

gringarne  IDalarne  och  i  Yeetergot- 

land. 

In  Ofversigt.  EongL  Srenska  Yet. -Acad. 
Forhandl,  1871,  No.  8,  p.  339. 

RemopUuridet,  TrinucUttt^  Proetut,  Phacopt, 
Chatinopt,  lUanut,  Kileut.  Beyriehia^  Primitia. 

Mere  mention  of  ocourrenoe. 

Cm  n&gra  forsteningar  f r&n  Sveriges 

och  Norges  ''Primordialzon.'' 

In  Ofversigt  Kongl.  Svenska  Yet.-Akad.  For- 
handl., 1871,  No.  6. 

Paradoxidtt  kyertUJl,  pi.  16,  figs.  1-3. 

Anteckningar  om  den   Cambrisk* 

Silariska  lagerserien  Jemtland. 

In  Qeol.  Foreningens  Stockholm  Forhandl., 
vol.  1,  No.  8, 1872,  p.  34. 

Ofversigt  af  Nerikes  of verg&ng^bild- 

ningar. 

In  Ofversigt  KongL  Svenska  Yet. -Akad.  For- 
handl., 1875,  No.  5,  pi.  5;  Sverigea  Qeologiska 
Undersokning  Ser.  C,  No.  21, 1875. 

Paradoxidet,  ElUptocephtUut,  LepU^Uutut 
n-  g.,  Beyrichia. 

Trilobiter   fr&n  Vestergotlauds  An- 

drarnm  kalk. 

In  Geol.  Foreningens  StookhoUu  Forhandl., 
vol.  2, 1875,  p.  491. 
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IjinnarBaoii  (J.G.  0.)~Continaed. 

£n  egendomlig  Trilobitfaana  fr&a 

Jemtland. 

In  Oeol.  F5reniDK«n8  Stockholm  Fdrhandl.. 
▼ol.  2,  No.  12, 187S,  p.  ^91.  pi.  22,  figs.  1^. 

DietUocep^uM  biUingiit  Triarthrut  feint- 
landietUt  IUmopleur%d4tfniero]^Uhalfnus,Boh€' 
mOto  (T)  denticulata, 

Tvik   nya  Trllobiter  fr&n   Sk&nes 

alamskiffer. 

In  G«oL  Foreningens  Stockholm  Forhandl., 
Tol.  2,  No.  12, 1875,  p.  408. 

L%04traeu9  (f)  MupenteSt  OyelogtuUhU4  n.  g., 
O.  mieropifgtu. 

Qeologiska   iakttagelser  nnder  en 

resa  plh  Oland. 

In  Geol.  FSreningens  Stockholm  FdrhandL, 
Tol.  3,  No.  2,' 1876,  p.  71. 

Om  faanan  i  lagren  med  Paradoxides 

blandiena. 

In  SveTigesOeologiskaXTndersdknlng,  Ser.  C, 
No.  22, 1877, 2  pis. 

Paradoxides,  EttiptoeephtUut,  Conoeoryphe^ 
AgnoMiut, 

Oin  de  palteozoiskablldningama  vid 

Humlenas. 

In  SverlKoB  Geol(^ska  Undersokning,  Ser. 
C,  No.  28, 1878. 

On  the  Trilobltes  of  the  Shineton 

shales. 

In  Geol.  Mftg.,  new  series,  decade  2,  vol.  5, 
1878,  p.  188. 

Oonocoryphe^  Remcpleuridet. 

' Ooi  fannan  i  kalken  med  Conoeorypke 

ezsultana. 

In  Sverigea  (4eologiska  TJndersokoing,  Ser. 
C,  No.  33, 1879, 3  pis. 

Paradoridet^  JAoatrtieut,  SolenopUura,  Oono- 
eoryphe,  Agnottu*. 

'■  Ceratopygekalk  och  undre  grapto- 

litskiffer  pIL  Falbygden,   i  Vestergot- 
laad. 

In  Geol.  Foreningens  Stockholm  Forh«ndL» 
ToL  4. 1879,  p.  269. 

Om   forsteningame  i   de   Svenska 

lagren  med  Peltora  och  Sphserophthal- 
muB. 

In  Geol.  Fdreningens  St<k)kholm  ForhandL, 
▼ol.  5, 1880,  No.  4;  Sveriges  Geologiska  Under- 
aokning,  Ser.  C.  No.  43, 1880. 

Peltura,  S^hcerophthahnut,  Anopoeare,  Cte- 
nopyge  n.g.,  Agnatus. 

Promemoria   lemnad  af  A.  G.  Na- 

thorst  for  resa  pll  Oland. 

In  Geol.  FSrenlngena  Stockholm  Fdrhandl., 
▼oifi,No.l3,1881. 

De  nndre  Paradoxides  lagren  vid 

Andramm. 

In  Sverigea  Grcologiska  Undersokning,  Ser. 
C,  2io.  64, 1883,  4  pis. 


Linn€  (C.)     Olandsks^  och  Qotlandska 
resa.    Stockholm  och  Upsal,  17 15. 
On  p.  147,  under  the  name  of  EntomolUhus 

« 

paradoxui^  there  is  in  this  work  a  roag:h  wood- 
cut  of  the  pygidium  of  Ataphui  expanttu  Linn. 

Wastguta  resa  forrattad  &r  1746. 

Stockholm,  1747. 

On  pp.  87  and  88  of  this  work  there  are  some 
rough  wood-on ts  of  Trilobit^s,  probably  an 
OUnui  and  the  head  of  a  Paradoxidei. 

Museum    Tessinianum.      UolmisBy 

1753,  p.  12  {,  pi.  3. 

Bntomolithns,  pi.  3,  fig.  2  {Oalymfne  tubereii- 
latus);  B.  paradoxus,  pi.  3,  fig.  1  (Paradoxidea 
tetnni). 

Skanska  resa.     Stockholm,  1757,  p. 

121. 

Petri  ficatet  Ed  tomolithus  paradoxus 

beskrifed. 

In  Acta  Regiffi  Acad.  Sci.Holmiens.,yoL21, 
1758.  p.  19,  pi.  1,  figs.  1-4. 

Entomolitlius  paradoxus,  pi.  1,  fig.  1  (Olenta 
Mpinulonu) ;  Bntom.  paradoxus  B  cantharidum, 
pL  1,  fig.  4,  head  (Oientu  g\X>bonu) ;  Entom.  No. 
3,  pi.  1,  fig.  3  {Calymeru  blumenbaekU)  I  Entom. 
No.  2,  pL  1,  fig.  2  {Enerinuntt  punctatua). 

Systema  natune.    Ed.  12.    Vol.  3. 


HolmiflB,  1768,  p.  160. 

Entomolithus  paradoxus  a  <»xpanBUS  {Asa- 
phut  expantut  Linn.).  E.  paradoxus 0  canthari- 
dum {OUnua  gibbosut  Wahl.),  E.  paradoxus  y 
pisiformis  (Agnoattts pis\formis  Linn.). 

Littleton  (Charles).  Ou  a  nondescript 
petrified  insect. 

InPhilos.  Trans.  Royal  See  London,  Tol.  46, 
No.  498,  1750,  p.  508,  pi.  I,  figs.  3-12,  pL  2. 
Oalymene  hlumenb<ich\i. 

Locke  (  John  ) .  On  Isotelus  maximuBf 
tound  near  Trebers,  in  Adams  County, 
Ohio. 

In  Second  Ann.  Rept.O«ol.  Survey  Ohio  (W. 
W.  Mather),  1838,  p.  247,  fig.  8. 

On  a  new  species  of  Trilobite  of  very 

large  size. 

In  Trans.  Assoc.  Am.  GeoL  and  Naturalists, 
vol.  1, 1843,  p.  221,  plate. 

JaoUlus  megUtot  Locke. 

Br.  John  Locke  has  herein  given  a  new  name 
to  the  species  which  he  called  laoUslua  maxi- 
mu*  in  the  Second  Ohio  Report.  See,  also,  Am. 
Jour.  ScL,  Ist  series,  vol.  42, 1843,  p.  366, 1  pi. 

Notice  of  a  new  Trilobite. 

In  Am.  Jour.  Sci.,  1st  series,  vol.  44, 1843,  p. 
846. 

Oeraurui  eroaotus. 

Supplementary  notice  of  the  Cerate 

ftts  crosotuB. 

In  Am.  Jour.  Sci..  1st  series,  vol.  45,  1843,  p. 
223. 
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Logan  (W.  E.)    Bronieus  oanadensii. 

In  Bept.  GeoL  Surrey  CmiaiIa,  1844,  p.  64,  3 
flgft. 

Oo  the  tracks  of  an  animal  lately 

found  in  the  Potsdam  sandstone. 
In  Canadian  Naturalist,  vol.  6, 1800,  p^  270. 

Losaen  (K.  A. )  Ueber  Cryphcma  rotundi- 
frons  ans  dem  eorger  Schiefer  des 
siidliohen  Unterbarzes. 

In  Zaitachr.  Deutsch.  geoL  Oaaell.,  vol.  31, 
187B,p.21S. 
Oryplugut. 

Lov6n  (S.  L.)    On  Calymene  elav^frons 

and  C.  ovata. 

InOfv^rsifCtKongL  Svsnaka  Yet-Akad.  F5r- 
ha&dl..l846,p.68. 

Syenska  Trilobiter. 

In  Ofveraigt  Kongl.  8TenakaTet.-Akad.  F5r- 
bandl.,  1845,  pp.  40, 104,  pla.  1, 2. 

TrinuOetu,  PirotfCta,  MHopiat,  Uchat,  (Mrau- 
rut^  OybeU  a.  g. 

Lnngren  (B.)    Cm  den  vid  Rams&sa  och 
OfTeredskloster  i  Sk&ne  forekommande 
sandstenens  alder. 
In  Aota  XTnlT.  Lnndenals,  1874. 
Leperditia. 

MaoLeay  ( W.  S. }  Observations  on 
Trilobites,  founded  on  a  oompartson  of 
their  stmotnre  and  that  of  living  Crus- 
tacea. 

In  B.  L  Mnrcbiaon.  "  The  Silnrlan  ayatem,*' 
London.  1830,  p.  866;  Annala  Mag.  Kat.  Hiat, 
let  seriea,  London,  yoI.  4,  1830,  p.  16. 

The  author  coroparea  them  with  Apua  and 
other  Aipidophora,  animals  which,  in  his 
opinion,  of  all  the  EtUomoHraeOf  appear  to  come 
neareat  to  the  TYUobUa. 

MoCoy  (Frederick).  On  Entomoconchus 
8coulU 

In  Jonr.  GeoL  Soo.  Dublin,  vol  11, 1830,  p.  01, 
pi.  5,  flga.  a,  0. 

Entomoeonehiu  n.  g. 

A  synopsis  of  the  characters  of  the 

Carboniferous  limestone  fossils  of  Ire- 
land.   Dublin,  1844,  29  pis. 

The  title-page  bears  no  author's  name.  The 
book  shows  that  it  was  prepared  by  Frederick 
McCoy,  nnder  the  direction  of  Richard  OrifBth, 
the  coUeotor,  In  whose  cabinet  all  the  speolsa 
were  contained. 

PhiUiptici,  OHgUhideM,  Oalymetu,  DUkyro- 
earU,  Ejitomoeonchus,  Oytherina,  Bairdia  n.  g., 
Oytheret  Daphina. 

A  synopsis  of  the  Silurian  fossils  of 

Ireland,  collected  from  the  several  dis- 
tricts by  Richard  Griffith,  F.  G.  S. 
The  whole  being  named,  and  the  new 


MoCoy  (Frederick) — Continued, 
species  drawn  and  described,  by  Fred- 
erick McCoy.    Dublin,  1846,  5  pU. 

Harpw^  Rtmopiewrida^  Porbesia  n.  g.,  Fk§- 
edfpf,  PorUockia  n.  g.,  CatymciM,  Homglomtiu, 
Liekat,  Trinudeut,  Ampyx^  Ogygia.  lutUkt, 
JCtemtf,  Aeidaspis,  Oheirurua,  Sphtmatodua, 
Otarion^  Encrinuru*,  BronUuit  Trinodiu  d.  g-, 
Tiretiai  n.  g.,  BefffUhia  n.  g.,  Oythtrt^  Batbu. 

A  notice  of  the  new  genera  descrlM  bj 
Frederick  McCoy  is  giren  in  the  Say  Socletf '» 
edition  of  Burmeister's  "  Organisation  of  Trilo- 
bites.   Supplementary  appendix,"  p.  1 23. 

The  generic  name  TVrenot  was  nsed  in  IStf 
for  a  genus  of  the  ColeopterSi  and  thtt  oC 
Forbetia  for  one  of  the  Polypi  in  1845.  Trinodvt 
was  nsed  In  1846  for  a  genoa  of  the  Coleopten. 

On  the  fossil  botany  and  zoology  of 

the  rocks  associated  with  the  coal  of 
Australia. 

In  Annals  Mag.  Nat.  Hiat.,  Ist  series,  Loa* 
don,  Tol.  20, 1647,  p.  220,  plato. 

PhiUiptiOt   Bnuhymetopug  n.   g.,    OyOun, 
Bairdia, 

On  the  classification  of  some  British 

fossil  Crustacea,  with  notices  of  new 
forms  in  the  University  collection  at 
Cambridge. 

In  Annals  Mag.  Nat.  Hist.,  3d  series,  Lon* 
don,  vol.  4,  1849. 

Aiaphinie:  1.  Phaeapt,  2.  Calymene,  8.  Tri- 
meroeephalua  n.  g..  4.  Aeaphtu  (sabgenera^ /<»o- 
ledis,  Banlictu)^  5.  /ttcsniM  (sobgenenii  Ittanvt, 
Bunuutut,  Dytplanut),  0.  Forbeeia,  7.  PkU- 
lipHa.  Paradoxin» :  1.  Paradtacidei  (subgenus, 
0(enu«),  2.  Oeraurtw,  8.  Oryphceue,  4.  Sphasrexo- 
ehuM^  5.  Aeidatpi9,  6.  Staurocepkalue^  7.  Bemo- 
pleuridet,  8.  Zethut.  Ogyginie:  1.  Ttinudeua 
(subgenus,  Tetrapaellium),  2.  TreUupie  n.  g.,  8. 
Ampyx^  4.  Ogygia,  5.  Bronteut^  6.  Licha§  (sub- 
genera, Troekurtu,  Aeantkopyge).  Harpedina»: 
L  Harpee^  2.  HarpideUa  n.  g.,  8.  Amphicn.  Ag« 
uostine:  1.  Trinodta,  2.  Agnoetua,  OhaemopatL 
g.,  Chrifiihidet^  Barrandia  n.  g.,  Oeratiocarie 
n*  g't  Oytheropeit  a.  g.,  Pterygotus. 

Partly  republished  in  the  author's  **  Con  tri* 
butions  to  S^tish  Pal«ontology ,  etc. , "  London, 
1854. 

On  the  supposed  fish  remains  figured 

on  plate  4  of  **  The  Silurian  system." 

In  Quart.  Jour.  Geoi.  Soo.  London,  voL  9, 
1853.  p.  18. 

A  synopsis  of  the  classification  of 

the  British  Palseozoic  rocks,  by  Adam 
Sedgwick ;  with  a  systematic  descrip- 
tion of  the  British  PalaBOEoic  fossils  in 
the  Geological  Museum  of  Cambridge, 
by  Frederick  McCoy,  with  figures  of  the 
new  and  imperfectly  known  species. 
London  and  Cambridge,  1655,  25  pla. 
Ft.  2.  PalsQontology. 
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McCoy  (Frederick) — Continued. 

FmoIoqIub  I.  Bftdiftte  ^d  Artioalatft.  Lon- 
don, 185L 

Taaoioolns  2.  Lower  and  Middle  Palnoaoio 
If oUnaoa.    London,  1852. 

FMoioolasS.  Upper  PalasoioioHoIlnsoa  and 
iWh.    London  and  Cambridge,  1856. 

f ffrpML  F»rbnia^  Phaeopt,  OdontochiU^  Oha$- 
mop&^  PortlMKo,  OaJlymefu,  B&malonotu»,  Tro- 
dkurut,  lAchM^  TrinuoUu9,  HarpidsUa,  Treta$- 
pig,  Ampyx,  laotdut,  Ogyguk,  Barrandia,  Aei, 
daapitj  Oeraunu,  EeeoptoehiUt  StauroeephtUtU' 
Enminurut^  Zilhtts^  /Itonut,  Dytpkinutt  Di 
jrforMno,  Agnotiui,  Aeanth4>pj/get  JBuryptertu, 
Ptetyqotui,  LeptoekeUi  n.  g.,  (hratiocarit,  Bwy' 
HdUot  OptKnopMiM,  Tfinoduf, 

Cuntribations   to  British   paleson- 

tology,  or  first  description  of  360  species 
and  several  genera  of  fossil  Radiata, 
Artionlata,  Mollnsca  and  Pisces  from 
the  Tertiary,  Cretaceous,  Oolitic  and 
Palaeozoic  strata  of  Great  Britain.  Re- 
published from  the  Annals  Mag.  Nat. 
Hist.    Cambridge,  1854. 

For  a  list  of  the  genera  of  foesil  Cmetaoea, 
aee  enMes  under  MoCoy  (Frederick),  Annale 
Mag.  Kat.  Hist,  2d  aeries,  London,  vol.  4, 1840. 

Goological  Survey  of  Victoria.    Pro- 

dromuB  of  the  palceontology  of  Vic- 
toria, or  figures  and  descriptions  of 
Victorian  organic  remains,  decade  3. 
Melbourne  and  London,  1875,  pis.  22, 23. 
PftoMtpf  {OdxnUoehXU)  eaudaiut,  P.  {Port- 
lodda)  fseundut^  ForbeHa  ev/rytept  MoGoy, 
Liehat  ouffrolif  MoCoy,  HomaUmoUu  harri- 
aoni  MoCoy. 

Mantell  (6.)  Medals  of  creation,  or 
first  lessons  in  geology  and  the  study 
of  organic  remains.  2  vols.  London, 
1864. 

Maroon   (Jules).     On  the  Primordial 
^  fauna  and   the   Taconic   system,   by 

Joachim    Barrande;    with   additional 

notes  by  Jules  Marcou. 

In  Proo.  Boston  Soo.  Kat.  Hist,  vol.  7, 1801. 

p.  am 

l^btioe  sur  les  gisements  des  lentllles 

trilobitifdres  taoonique  de  la  Pointe 
L^vis  on  Canada. 

In  Boll.  Soo.  G^l.  France,  2d  series,  vol.  21, 
1864.  p.  286. 


(J.  £.)  On  some  well-defined  life 
zones  in  the  lower  part  of  the  Silurian 
(Sedgwick)  of  the  Lake  District. 

In  Quart  Jonr.  OeoL  Soo.  'London,  toL  34, 
1878,  p.  871. 

Appendix.  On  some  species  of  Phae&pt,  p. 
984. 

PXTLL.  63- -4 


MaiT  (J.  £. )— Continued. 
and  Nicholson  (H.  A.)    The  Stock- 
dale  shilles. 

In  Quart  Jour.  Gkol.  Soo.  London,  vol.  44, 
1888,  p.  654,  pi.  16. 

flofpet,  Ptoettu,  PhacopM,  Ampv9,  Aoidatpit, 
OhnruruM, 

Martin  (D.  S.)  A  new  Eurypterid  from 
the  Catskill  group. 

In  Trans.  Vew  York  Acad.  Sol.,  voL  2, 1882, 
p.8. 

This  notice  was  based  upon  a  cast  of  Sty- 
Umunu  esedtior  Hall,  obtained  ttom  the  Mn« 
senra  of  Natural  History,  Albany,  New  York. 

Martin  (W.)  Petrificata  Derbiensia:  a 
description  of  petrifactions  collected  in 
Derbyshire.    Wigan,  1609. 4to,  53  pis. 

BntomolithuaoniieUes  (derMtfiww),  pi.  45,  figs. 
1-3;  EfUomolUhua  monoeulUuf  (Lunahu)^  pi. 
45,  fig.  4;  EiUom.  pwradomu^  fh>m  Dudley,  pi. 
45.  fli;.  3;  also  pi.  45«,  fig.  3. 

These  fossils  have  been  referred  to  the  fol^ 
lowing  modem  genera :  PhiUipaia  derbienkU^  pi. 

45,  figs.  1-3,  and  pL  45^;.  df;.  3 ;  BeUnurut,  pi. ' 

46,  fig.  4,  OaHymene  UufMnbttehi,  pL  45,  fig.  3. 

Mattheiv(6.  F.)  Illastrations  of  the 
fauna  of  the  St.  John  g^'^^^P*  ^^*  ^• 
The  Paradoxides;  their  history. 

In  Trans.  Royal  Soc.  Canada,  vol.  1. 1882,  Sec. 
4,  p.  87,  pi.  9. 

Paradoxidet  etertunxeut  Matt,  Par.  <Kadicu$ 
Ifatt,  P.  lameUatuM  Hartt 

^— >inu8trations  of  the  fauna  of  the  St. 
John  group.  No. 4.  The  Paradoxides 
(supplementary  section  descrlhing  the 

parts). 
In  Trans.  Royal  Soc.  Canada,  vol.  1, 1882,  Sec. 
.     4,  p.  271,  pi.  10. 

'—  Illustrutions  of  the  fauna  of  the  St. 
John  group,  continued:  On  the  Cono^ 
caryphea,  with  further  remarks  on  Para- 

doxideB, 

In  Trans.  Royal  Soc.  Canada,  voL  2, 1884,  Sec. 
4,  p.  99,  pi.  1. 

PatddoxidM,  OtenoeephaluMt  Oonoeoryphe. 

In  his  explanation  of  the  plate,  fig.  6,  the  au> 
thor  uses  a  new  subgenus,  Ottnocepholut  {Ear- 
tdLa)  malXhtvn,  and  also  for  flg.  22,  Oonoeoryphe 
iSaaieUa)  baiUyi, 

An  outline  of  recent  discoveries  in 

the  St.  John  group. 

In  Bull.  New  Brunswick  Nat  Hist  Soc.,  No 
4,1884. 

Illustrations  of  the  fauna  of  the  St. 

John  group.  No.  3.  Descriptions  of 
new  genera  and  species  (including  a 
description  of  a  new  species  of  Soleno- 
plenra,  by  J.  F.  Whiteaves). 

In  Trans.  Royal  Soc.  Canada,  voL  8, 1885,  p.  29, 
3  pis, 
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Matthew  (O.F.)— Continaed. 

LtpidUta  n.  K-,  Lepidman.  g..  BejfricKia,  Hip- 
pwieharion  n.  g.,  Beyriehona  n.^.,  Primitia, 
Agnattui,  Mierodiaeui^  Agrwalot,  Solenopleura^ 
Pmradoaoidet. 

On  the  probable  oconrrence  of  the 

great  Welsh  Paradaxidea,  P.  davidia,  in 

America. 

In  Am.  Jour.  Soi.,  3d  seritea,  toI.  30, 1885,  p.  72; 
irature,  toI.  82. 1885.  p.  358. 

-*—  Abstract  of  a  paper  on  the  Cambrian 
€»nna  of  Cape  Breton  and  Newfound- 
land. 

In  GMMdlan  Record  Sci.,  toI.  2, 1886,  p.  255. 

—  Note  on  the  occnrrenoe  of  OUnellusf 
Jpjendfl  in  Amerioa. 

In  Am.  Joar.  Sol.,  SdaerieB,  vol.  31, 1880,  p.  472. 

—  On  the  Cambrian  fauna  of  Cape  Bre- 
ton and  Newfoundland. 

In  Trans.  Royal  Soo.  Canada,  voL  2,  1886,  p. 
147. 
jLgrauloiy  SeUnopleura. 

—  inaatrattons  of  the  fauna  of  the  St. 
John  group.  No.  4.  On  the  smaller 
eyedTrilobites  of  Division  1,  with  a  few 
remarks  on  the  species  of  the  higher 
diyision  of  the  group. 

In  Canadian  Record  Sd..  vol.  2,  No.  6, 1887,  p. 
857. 

—  On  the  kin  of  Paradoxides  ( Olenellus  f) 
hjerulfi. 

In  Am.  Jonr.  Sd.,  8d  aeries,  toI.  33, 1887,  p. 
880. 

The  great  Acadian  Paradoxides. 

In  Am.  Jonr.  Sol.,  3d  seriea,  toL  33.  1887,  p. 


Paradoxidei  regina  Matt. 

—  Illustrations  of  the  fauna  of  the  St. 
John  group.  No.  4.  Part  1.  Descrip- 
tion of  a  new  species  of  Paradoxides  ( P. 
regina).  Part  2.  The  smaller  Trilo- 
bites  with  eyes  {PtyotK^paridce  and  EU 
Up»oeephdlid(B). 

In  Trans.  Royal  Soo.  Canada,  vol  5, 1887,  p. 
115, 8  pis. 

Paradoxidet,  Lio§tr<ictu,  Strenuella  n.  sub* 
gen.,  Ptyehoparia,  Solenopleura,AgratUo9,  BUip- 
toeephdhu, 

Manrer  (F.)  PalSontologisohe  Stndlen 
Im  Gebiet  des  rheinischen  Devon.  Die 
Fauna  des  Roth^isenstein  der  Grube 
Haina. 

In  Nenes  Jahrbaoh  fUr  Mineral.,  1875,  p.  596, 
pi.  14. 

PKacapt  UUifinnu,  Cfyphatpit  etratophthaU 
WW. 


Maurer  (F.) — Continued. 

PalSontologische  Stndien  im  Gebiet 

des   Rheinischen   Devon.     Die  Thon- 
Bchiefer  des  Roppbaohthales  bei  Din. 
In  Nenes  Jahrbuch  for  KineraL,  U76»  ^  M, 
pL  14. 

PAooopt,  AeidaapiM^  BrofUeus. 

Die  Fauna  der  Kalke  von  Wald- 

girmes  bei  Giessen. 

In  AbbaodL  grodah.-hess.  geol.  LaDdesanitaU 
Bu  Darmstadt,  vol.  1,  pt.  2, 1^85,  atlas  of  11  pk. 

Harpe9,  Phaeopt,  Prottu*^  OyphatpU,  Cketnt- 
rut,  Bronteu»t  Primilia,  Oroxoe, 

Meek  (F.  B.)    Note  on  Btlinurtu  daia, 
from  the  Illinois  Coal  Measures. 

In  Am.  Joar.  Set.,  2d  series,  vol.  48, 1867, p. 
257 ;  GeoL  Survey  Illinois,  voL  2,  p.  395. 

Note  on  a  new  genus  of  fossil  Crus- 
tacea. 

In  Am.  Jonr.  Soi.,  2d  series,  vol.  48,  1867,  p. 
894 ;  Geol.  Survey  Illinois,  vol.  3,  p.  547. 
Buproopa  (n.  g.). 

Descriptions  of  fossils  collected  by 

the   U.  S.  Geological    Survey,    under 
charge  of  Clarence  King. 

In  Proo.  Acad.  Nat.  Sci.  Phila.,  vol.^,  1878, 
p.  56. 

Repoblisbed  and  illastrated  in  Rept.  U.  8. 
GeoL  Ezpl..  40th  Parallel,  vol.  4,  pt.  1,  pp. 
1-197,  pis.  1-17. 

Paradoxide»,  Oonocoryphe  {OonocephaUiea)^ 
OUniuf. 
Descriptions  of  new  species  of  in- 
vertebrate fossils  from  the  Carbonifer- 
ous and  Devonian  rocks  of  Ohio. 

In  Proo.  Acad.  Nat.  SoL  Phila.,  vol.  28, 1871. 
p.  57. 

Republished  and  flgnred  in  "  Pa]»ontoIo|Ey 
of  Ohio, "  vol.  1, 1873.  p.  233, 28  pis. 

Pro€tu9  planimargifurtus,  DalmanUea  oAio- 
emit,     k 

Descriptions  of  new  Western  Palteo- 

zoic  fossilsi  mainly  from  the  Cinoiif- 
nati  group  of  the  Lower  Silurian  seriea 
of  Ohio. 

In  Proo.  Acad.  Kat  ScL  Pfatla.,  voL  23, 1871,  p» 
308. 

Bedesoribed  and  illastrated  in  **  PsIieontoK 
ogy  of  Ohio,"  vol.  2, 1875. 

Oytheret  (krtUioearU  {Colpocarit)^  ArehneotM- 
r<«.  Solenocari»t  Oolpocarit.  (Not  ^Isnoeoris 
Young,  1868.) 

List  of  Carboniferous  fossils  from 

West  Virginia,  with  descriptions  of 
new  species. 

In  Appendix  B,  Kept  of  Regents  of  West 
Virginia  Univ..  1870,  Wheeling,  1871.  p.  68. 

PhiUipna  aUventoni  Meek. 

Final  report  of  the  U.  S.  Geological 

Survey  of  Nebraska  and  portioa6  of  tbo 
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Meek  (F.  B.) — Continned. 
acyaeent  Territoriea,  by  F.  V.  Hayden, 
etc.  Report  on  the  palseontology  of 
eastern  Nebraska,  with  some  remarks 
on  the  Carboniferous  rock  of  that 
district  by  F.  B.  Meek.  Washington, 
1871,  p.  63,  11  pis.  (Two  editions: 
first  in  8vo,  second  in  4to.) 
FkiOipsia,  Oythere, 

—  Grenns  ArchcBoearie. 

In  Proo.  Aoad.  Nat  ScL  Phila.,  toI.  24, 1872, 
p.  325. 

Description  of  new  species  of  fossils 

from  Cincinnati  group,  Ohio. 

In  Am.  Jour.  Sci.,  8d  series,  vol.  3, 1873,  p.  423. 
ProetuBf  DaltnanUet, 

Preliminary  palseontological  report, 

consisting  of  list  and  descriptions  of 
fossils,  with  remarks  on  the  age  of  the 
rocks  in  which  they  are  found,  etc. 

In  Sixth  Ann.  Kept  U.  S.  Geol  Survey  *Terri. 
tories,  embraoing  portions  of  Montana,  Idaho, 
Wyoming,  and  Utah,  etc.  F.  V.  Hayden, 
Washington,  1873,  p.  431. 

Oonoeotyphe  (P^ekoparia),  Bathyuriu,  B<i- 
thuvrdla  {Atapkiseiu)  n.  sg.,  AMphtu,  (MegtU- 
oirpu).  Agnottut. 

—  Report  of  the  Geological  Survey  of 
Ohio.  Vol.  1.  Qeology  and  paleon- 
tology. Ft. 2.  Palssontology.  Descrip- 
tions of  invertebrate  fossils  of  the  Silu- 
rian and  Devonian  systems,  by  F.  B. 
Meek. 

Columbns,  1873,  pp.  1-243.  pis.  1-23. 

Froehu^  DalmaniUt,  Oalymeru,  Ataphua 
(/toleltw),  Aei^UupUf  Ceraurus,  lUcenue  (Bu- 
mattutU  OiftKere,  Leperditia. 

Descriptions  of  Olenm  {Olenellus) 

gilberti  and  Olenua  {Olenellua)  howellu 

In  Rapt.  Geog.  and  Geol.  Ezpl.  Surveys  West 
100th  Mer.,  vol.  8.  Washingtoo,  1875,  p.  182. 

A  report  on  some  of  the  invertebrate 

fossils  of  the  Waverly  group  and  Coal 
Measures  of  Ohio. 

In  Kept.  Geol.  Surrey  Ohio.  Vol.  2.  Geology 
and  Paleontology.  Pt.2.  1875,  pp.  269-347,  pis. 
10-20. 

FkHUptia,  Griffithidet^  Oeratioearis  (Oolpo- 
ccriM),  Ceratiocarit  iSoUnocarit),  Archigocarig, 
(k^iwearii,  JSolenoearis. 

Palasontology. 


In  U.  S.  Geol.  ExpL  40tb  Parallel,  toL  4,  pt  1, 
1877.  pp.  1-197,  pis.  1-17. 

Paradoxides,  Oonoeoryphe  (Ptyehoparia), 
Froetus,  IkUmanite*. 

and  Hayden  (F.  V.)    Descriptions 


of  new  Lower  Silurian,  Jurassic,  Creta- 
oeonsy  and  Tertiary  fossils -001100^04  in 


Meek  (F.  B.)  and  Hayden  (F.  Y.)— Con- 
tinued. 

Nebraska  by  the  exploring  expedition 
under  the  command  of  Capt.  W.  F. 
Raynolds,  U.  S.  Top.  Eng.,  with  re- 
marks on  the  rocks  from  which  they 
were  obtained. 

In  Proo.  Acad.  Nat.  Sci.  Phlla.,  vol.  18, 1882, 
p.  415. 

Arionelhu^  ArioneUua  {Oripicephalut)  oi^eni. 

Palieontology  of  the  Upper  Mis- 
souri. A  report  npon  collections  made 
principally  by  the  expeditious  under 
command  of  Lieut.  G.  K.  Warren,  U.  S. 
Top.  £ng.,  in  lB&&-'56.  Invertebrates. 
Pt.  1. 

In  Smithsonian  Contrib.,  Ko.  172,  Washing- 
ton, 1864,  6  pis. 

Paradoxidet,  Agrauiat^  Agraulot  otoeM  K. 
&H.  .      ^ 

and  'Worthen  (A..  H.)    Notice  of 

some  new  types  of  organic  remains  from 
the  Coal  Measures  of  Illioois. 

In  Proc.  Acad.  Nat  Sd.  PhUa.,  voL  17,  1865, 
p.  41.  • 

Aeanthotelion  n.  g.,  B^nunu,  Anthrapaia- 
mon,  PcUaoearit  n.  g. 

Contributions  to  the  palseon- 
tology of  Dlinois  and  other  Western 
States. 

In  Proc.  Acad.  Nat  Sci.  Phila.,  yoL  17,  1865^ 
p.  245. 

Proetui,  PhiU^tia,  OriJUhidtt,  Ddlmania, 
lAchtu. 

Descriptions  of  invertebrates 

from  the  Carboniferous  system. 

lu  Geol.  Sarvey  Illinois,  voL  2, 1866,  p.  145,  pis. 
14-20,23-32. 

Belinurut,  AcanthoteUon^  PalaeoearU^  An- 
thraj>aia»non. 

Preliminary  notice  of  a  scor- 
pion, SkEurypteruSf  and  other  fossils 
from  the  Coal  Measures  of  Illinois. 

In  Am.  Joar.  Sci.,  2d  series,  vol. 46, 1868,  p.  10. 
Repablished  and  illustrated  in  **  GeoL  Surrey' 
Illinois,"  vol.  3,  p.  560. 

!-  PalfiBoutology. 

In  OeoL  Survey  Illinois,  vol.  3, 1868,  pp.  201- 
565,  pis.  1-20. 

Proetut,  Pkaeopt,  Dalmanite*  (Odonoeepfia- 
ZtM),  Liehas,  Aeid(upi§,  iO^sniM,  Ceratioearis^ 
Euproopa,  PtiUtoearit,  Euryptenu  {AnUirapO' 
UBmon),  AetMUiotelton, 

Descriptions  of  a  new  species 

and  genera  of  fossils  from  the  Palseo- 
zoic  rocks  of  the  Western  States. 

lu  Proc.  Aoad.  Nat,  Sc}.  Phila.,  2d  aeries,  vqU 
14, 1870,  p.  % 
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Meek  (F.  B.)  and  'Wortken  (A.  H.)— 
Coottnaed. 

FkUKptia  tuhereulmta  U.  St  W.,  PhiOSpHa 
iOHJUMdet)  bvfo  H.  «l  W.,  Ataphui  {JtoUtut) 
viffHan*  IC  A  W.,  Ukmus  {Bumaghit)  graf- 
fOfMsuit  H.  A  W.,  Ditkyroearia  earbonariu9 

— Desoriptions  of  invertebratea 

firom  the  Carbon  iferoas  system. 

In  GeoL  Surrey  niinoia,  vol.  8^  1878,  pp.  823- 
<lft.pla.l-32. 

PkiUipHa  {€hrifitkidM)  portlodti,  PhUUpHa 
i€hri0Ukids$}  In^fo,  PkUUptia  {OriJUkidei)  tei- 
flila,  DUhyoeturit  porbonarim. 
Description   of  the   inverte- 
brates. 

In  6eol.  Surrey  Illinois,  voL  6, 187S,  pp.  480- 
888,  pie.  28-83. 

LUhat,  Aiaphui  (Itotelttf),    Sphcerexoehut, 
HUmtui  {BuiMittu$). 
Meneghinl  (Giuseppe).    Nnovi  fossili  si- 
loriani  di  Sardegrna. 

In  Am  roAle  Aocad.  Llnoei,  Roma,  1880, 1  pi. 

DtUmaniUt,  Lamarmor<B» 

PosiEione  relativa  dei  varli  piani 

Biloriani  dell'  Iglesieute  in  Sardegna. 

In  PnM.  verb.  Soo.  Toeoaaa  SoL  19'at.,  1881,  p. 


PorcuIesidM,  THnudmu,  DaimaniUi,  Oonoct- 
phtOUet. 

—  Fauna  Cambriana  deir  Iglesiente  in 

Sardegna. 

In  Proc.  verb.  Soo.  Toecana  Sol.  Kat.,  1881,  p. 
168. 

Puntdoxidet,  Olmwt,  Oonoe^hdlUet. 

Nnovi  Trilobiti  di  Sardegna. 

In  Proo.  verb.  Soo.  Tosoana  Sd.  Nat.,  1881,  p. 
200. 
Paradoxideit  Oonoeephalitet. 

—  Note   alia  fanna   Cambriana  delP 
Iglesiente. 

In  Proa  verb.  Soo.  Toscana  Soi.  Nat,  1882, 
p.  7. 

Oienua,  Anomocar^t  OonocephaliUs,  Plafypel^ 
Ha, 
Nnovi  fossili  Cambriani  di  Sardegna. 

In  Proo.  verb.  Soo.  Toaoana  SoL  Nat,  1884, 
p.M. 

ConoeapkaUtea,  Anomoeara. 

PalsBontologia    dell'  Iglesiente   in 

Sardegna.      Fauna  Cambriana    trilo- 
biti. 

In  Hem.  R.  Cota.  Oeol.  Italia,  vol.  8, 1888,  pt. 
2,  40pp.,7pla. 

Pwradoxidaa,  (Hanua,  Anamoeare^  Conoeepha, 
litea,  Aaaphua  {PlatypaUia),  Conooorypha, 
Meyer  (H.  von).    Beitrage  zur  Petre- 

laoten-Kunde. 

In  Nova  Acta  Acad.  Loop.  Carol.,vol.  IS,  1831, 
p.  67,  pL  60,  fig.  13.  See,  alao,  NeTies  Jal^rl>uch 
f&r  Mineral.,  1838,  p.  481. 

paXfffntna  m^vtatia  Meyer. 


Meyer  (H.  von)  and  Miinster  (G.  6.  za). 
Beitrage  zur  Petrefacten-Kunde.  Bay- 
reuth,  18401  pt.  3,  pi.  5. 

Calyman/avariolaria,  C,  inUrmadiak,  Clatii, 
O.  atemberffi^  tJ.  j^reptAgiia,  O.  artiadata,  An- 
phuaf  ccmdori,  A.  ptuOiua^  A.f  brevia,  A. 
ffrandUt  JUamua  parovaliaf,  Paradoxidaabrm- 
mueronaiua,  Bnmtaa  radiatua,  B.  eof  (atat,  S. 
atdn^iatua,  Bumaatua/rankonicua^  B.pUtnuty 
Harpaa  apeeioaua^  JHnueleua  groeUia,  T.vH- 
ketiaii,  T.  allipHeua,  T.^  naUoni,  T,  t  ofarum,  T.  t 
gibboaua,  Agnoatua  pia\formia. 

Beitrage  zn  Petrefacten-Konde. 

Bayreuth,  1842,  pt.  5,  p.  112.  Nachtrag 
zu  den  Versteinerungen  dee  Ueber- 
gangs-Kalkes  mit  Cly  menien  von  Ober- 
frauken  vom  Heransgeber. 

Cfafymanamarginata, -pi.  10,  Ag.  9;  a/una^ 
Aaaphua  duhitia,  ElUpaocephalua  hoJjL,  Ota/num 
akgwna,  Harpaa,  Trinuelauaf  Itmna,  T.  iniarma- 
diua,  T.  nUaoni. 

— •  Squaliden-Reste  aus  dem  Posidono- 
myen-Schiefer  des  Oberharzes  bei  Ober- 
Sehulenburg. 

In  Danker  and  von  Meyer  "  Paheont,**  vol 
3,  Caaael,  1854,p.  53. 
Harpea,  Ptoatua,  Phaeopa,  Liekaa,  Oheiminu. 
Saa,  aifo,  Jordoa  (H.)  and  Meyer  (H.  von). 

Miokleborbogh  (John).  Locomotory 
appendages  of  Trilobii^es. 

In  Joor.  Cincinnati  Soc.  Nat  Hiat,vol.  0, 1883, 
p.  200,  figa.  1-3.    Noticed :  Am.  Jonr.  Set,  3d 
aeriea,  vol  27,  1884,  p.  409 ;  OeoL  Mi^.,  n.  a.,  de- 
cade 8,  vol.  1,  London,  1884,  p.  80. 
Aaaphua  magiatoa  Locke. 

Miller  (S.  A  )  Monograph  of  the  Crusta- 
cea of  the  Cincinnati  group. 

In  Cincionati  Quart  Joar.  Sci.,  voL  1, 1874,  p. 
115. 

Triarthrua,  Proetua,  JkUmanitea,  G^tfymeiM, 
Liehaa,  Trinudmia,  Aaaphua,  laotelua.  Add- 
aapia,  Oeraurua,  Beyriehia,  LaperdUia,  Cifthera^ 

The  antbor,  in  hia  olaeaiflcation  and  eenerio 
deacriptiona,  haa  generally  followed  McCoy 
("Brit  PalaM>aoio  Bocka,"  1855).  He  gives  a 
deacription  of  the  different  foaail  Craataoea  oc> 
earring  in  the  Cincinnati  gronp,  and  flgnraa 
Leparditia  bymeai  Miller,  uid  a  wood-out  rep* 
reaenting  the  tracka  of  an  Aaaphua  (/). 

[No  title. — Description  of  new  spe- 
cies of  PalsBOzoio  Entomostraca.! 

In  Cincinnati  Qnart  Jonr.  Sci.,  vol.  1. 1874,  p. 
232. 

Beyriehia  duryi,  B.  atriato-nuirginaUua,  B. 
ehamberai,  * 

Some  new  species  of  fossils  from  the 

Cincinnati  gronp,  and  remarks  upon 
some  described  forms. 

In  Cincinnati  Quart  Jour.  Soi.,  vol.  2.  1875, 
p.  849,  flgurea. 

Acidaapia,  Bayriehia,  LapardiUa, 
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BOUIer  (8.  A.)— Continaed. 

The  Aiuerioan  PalsBozoio  fossils.    A 

catalogue  of  the  geuera  and  species, 
with  names  of  aathors,  dates^  places  of 
pablicatioD,  group  of  rocks  in  which 
found,  aad  t^e  etymology  and  significa- 
tion of  the  words,  etc.  Cincinnati, 
1877.    Also  a  2d  ed.,  with  supplement. 

Description  of  a  new  genus  and 

eleven  new  species  of  fossils,  with  re- 
marks upon  others  well  known,  from 
the  Cincinnati  group. 

In  Jour.  Cincinnati  Soo.  Kal.  Hist,  vol.  1, 
ie7»-*7»,  p.  100,  pL  3. 

LiehfU  harriti^  Oyther^  irreguiarig, 

-^  Description  of  two  new  species  from 
the  Niagara  group,  and  five  from  the 
Keokuk  group. 

In  JooT.  Cincinnati  Soo.  Nat  Hist,  vol.  2, 
1979,  p.2S4,pLlS. 

Snerinurut  egani. 

Description  of  new  species  of  fossils. 

InJoor.  Cincinnati  Soo.  Nat  Hist,  voL  4, 
1881,  p.  250,  pL  0. 
JjeperdHia  cceeig^tM. 
<—  Description  of  three  new  species, 
and  remarks  upon  others. 

In  Joar.  Cincinnati  Soc.  Nat  Hist,  toL  S, 
1883,  p.  lie,  pL  5. 

Calymtns  eottieepAoia  Green. 

Milne-Bdwarda  (H.)  Sur  les  afflnit^s 
des  Trilobites. 

In  Institat  de  France,  Aoad.  Royale  SoL, 
ToL  1,  1827,  p.  254. 

Trilobites  dans  Lamarck's  "Histoire 

naturelle  des  animanx  sans  vert^bres." 
Vol.  5.    Pari?,  1838,  p.  220. 

ParadosidM^  EUij^weephalus,  Oonocq^halus, 
^Marthrtu,  Oalymene,  Ampy%,  Ataphu§,  Ogygia, 
Otarioti,  AgnoHui,  Oeraunu,  Oyjnidina  n.  g. 

Histoire   naturelle  des   Crustac^, 

eomprenant  Panatomie,  la  physiologic 

et   la  classification  de  ces   animanx. 

[3  vol8.|  with  atlas  of  plates.  ]    Pans, 

1834^40. 

The  Trilobites  are  described  in  vol.  8,  pp. 
285-346,  in  the  following  order:  NUeut,  Am- 
pyx,  Jjofslttf,  AtaphiUt  HomalonoHu,  Oalymene^ 
PlewraeantKe  n.  g.  (referred  by  author  to  Dal- 
mamiet),  I^mudnu,  Otarion,  Ogygia,  Para- 
doxide*^  PeUura  n.  g.  (the  flrat  species  cited 
by  the  aathor  under  this  new  genus  was: 
PeKura  ffearadceoidefWablenburg;  the  second, 
FeUura  ImckUmdi  Milne-Edwards,  is  a  species 
of  the  genus  Liehath  Agnottut^  EurypUru*. 
Claaaiflea  64  species  under  13  genera. 

— '  Beport  on  the  pal»ontological  re- 
searches of  M.  Marie  Bonaolt  in  Brit- 
tany and  Anjou. 


Milne-Bd'^ards  ( H. ) — Con  tin  ued . 

In  Comptes  Rendus  Acad.  Sci.  Paris,  18^7,toL 
24.  p.  693;  Ball.  Soe.  G^l.  France,  vol.  4,  1847, 
p.  309;  Quart.  Jour.  Geol.  Soo.  London,  toL  4, 
1848,  pt.  2,  Miscellaneous,  p.  35. 

Trinudeut,  GslymaiM,  Phacopt,  PolytrsB  n. 
g.,  Prionoeheihu,  Oheirunu,  NiUt^t,  Ogygia^ 

Structure  des  Trilobites. 

In  Annales  Sci.  Kat,  vol.  12, 1881, 88  pp.,  pis. 
1-3. 

A  review  of  C.  D.  Walcott's  "Organisation 
ofTriiobites." 

AcidatpU,  OolytiMfM,  OeraufU9^  Trimuimu^ 
Aaaphut,  JSurypterut. 

Mitchell  (John).  On  some  new  Trilo- 
bites from  Bowning,  N.  S.  W. 

In  Proc.  Linnean  Soc.  New  South  Wales,  9d 
series,  toL  2, 1687,  p.  435.  pi.  n. 

Proetiit  bown^n{fentiSt  Oyphoipit  hommim' 
geni%$,  £ront$u9  longitpinifer, 

On  a  new  Trilobite  firom  Bowning. 

In  Proc.  Linnean  Soo.  New  South  Wake,  ad 
series,  roL  8, 1888,  p.  897,  pi.  16  of  toL  2. 
Aeidoipis  longitpinis. 

Mitchell  (Samnel  L. )  An  account  of  the 
impressions  of  a  fish  in  the  rocks  of 
Oneida  Coonty,  New  York. 

In  Am.  Monthly  Mag.,  voL  8, 1818,  p.  80L 
The  author  states  that  the  New  York  fossil, 
from  the  town  of  Westmoreland,  "is  aepiratad 
into  plates,  like  those  of  an  insect  or  omsla- 
ceous  animal,  reaching  fh>m  side  to  aide  quite 
across  the  back.  Eleven  entire  plates  and  part 
of  the  twelfth  can  be  counted.  They  axe  not  so 
broad  near  the  head  and  thorax  aa  they  are  on 
approaching  the  tail;  for  between  the  pectoral 
fins  they  fall  short  of  a  quarter  of  an  inch, 
while  on  approaching  the  caudal  fin  they  grad* 
ually  enlarge  until  they  exceed  that  measure." 
JEurypterua  remipM  De  Kay. 

Modeer  (A..)  Anmerknngen  fiber  einige 
nerikische  Versteinerangen.  (*) 

In  Berlin.  GeselL  naturf.  Freunde,  toL  0, 
1785,  p.  247,  pi.  2,  figs.  1-^12. 

{Agnottxu  piriformis),  pL  2,  figs.  1, 2 ;  {OUnm 
giMostu),  pL  2,  figs.  3-5 ;  ( OUnu$  tearab<iB0idt9}, 
pL2,flg.7. 

Moller  ( Valerian  von ).  Ueber  die  Trilo- 
biten  der  Steinkohlenformation  dea 
Ural,  nebst  einer  Uebersicht  nnd  eini- 
gen  Erganzangen  der  bisherigen  Beob- 
achtungen  tlber  Kohlen-Trilobiten  im 
Allgemeinen.    Moscoa,  1867.    1  pi. 

In  Bull.  Soc.  Imp.  des  NacuraUstea  Moaoon, 
No.  1, 1867. 

QriJUhidsi,  PhiUiptia,  Brachymttoptu, 

Morris  (J. )  Catalogue  of  British  fossils. 
London,  1843.   ^  «^, \ATx^^\i^ \^SA« 
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Mortimer  (C.)  The  description  and  fig- 
ures of  a  small,  flat,  spheroidal  stone 
having  lines  formed  on  it. 

In  PhUos.  Trans.  Boyal  Boo.  London,  voL 
4e,  1700,p.e02,pl8.1,2. 

Miiller  (O.  F. )   Entomostraca  sen  insecta 
testaoea  qnie  in  aqnis  Danie  et  Nor- 
wegisD  reperit,  etc.    Lipsite  et  Hafni»| 
1785.    21  pis.     I 
Oythsr$  n.  g. 

The  generic  term  OytK§rina  wm  subetltated 
by  lAUMTok  for  Mttller's  Oyther^,  and  has  been 
need  by  many  anthors.  Prot  J.  D.  Dana  oaes 
the  tenn  Oiftkerina  to  represent  a  anbgenus. 

Mllnster  (G.  G.)     Ueber  einige  fossile 

^    Arten  Cypria  nnd  Cythere. 

hk  JTahrbnch  fiir  Mineral.,  1830,  p.  SO. 
OytK^»  Muihgeri. 

— »-  and  Meyer  (H.  von).    Seie  Meyer 
,  and  Miinater. 

Murobiaon  (R.  I. )  The  Silnrian  system, 
founded  on  geological  researches  In 
the  counties  of  Salop,  Hereford,  Rad- 
nor, etc.  [London,  2  vols.,  1639,  40 
pis.,  and  3  largn  maps  in  folio.] 

Oafymene^  HomaionoHu,  AMphut^  Ogygia, 
IDcemit,  Sumtutut  n.  g.,  Acidatpit  n.  g.,  Trinu- 
eiMM  n.  g,  Agnottut, 

Metamorphosis  of  certain  Trilobites 

as  recently  discovered  by  M.  Barrande. 
In  Kept.   19th  Meeting  Brit  Absoc.   Adv. 
SoL,  1840,  Trans.  Seo.,  p.  G8. 

—  On  the  Silurian  rooks  of  the  south 
0{  Scotland,  with  a  list  and  descrip- 
tion of  the  Silnrian  fossils  of  Ayrbhire, 
by  J.  W.  Salter. 

In  Quart.  Jour.  Oeol.  Soc  London,  vol.  7, 
1851,  p.  187,  pis.  8-10. 

OheirwnM  g^latinonu  Port.,  Ataphut  sp.f, 
Oalymens  Uumenbaehi  Drong.,  Phaoopt  HokeHi 
Milne -Edwards,  lUanut  bowmanif^  Lichaa 
laxatut  MoCoy,  Snerinurut  punetattu  BrUn. 

Siluria.    A  history  of  s  the  oldest 

rocks  in  the  British  Isles  and  other 

countries.    [London,  1854,  geol.  map, 

37  pis.     3d  ed.,  London,  1859,  geol. 

map,  41  pis.    4th  ed.,   London,  1867, 

geol,  map,  42  pis.  ] 

The  flgores  are  all  transforred  from  the 
original  plates  in  the  "Silurian  system."  In 
every  ease  whore  the  old  name  has  been 
changed,  in  aooordanoe  with  more  reoent  no- 
menolatnre,  the  name  used  in  the  original 
work  is  inserted  in  braokets. 

,  Vemeuil  (E.  de)  and  Keyaerling 

(Alex.  von).    Geology  and  palseontol- 
ogy  of  Russia  and  the  Ural  Mountains. 


Morchiaon  (£.  I. )  and  Vemeuil  (£.  de)— 
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1, 1880,  p.  73,  4  pis. 

OeraUoearvt^  Anthrapalcemofi,  PaUtoeran' 
gon,  PakeoeariB^  UroneteB. 

Further  researches  among  the  Crus- 
tacea aud  Arachnida  of  the  Carbonif- 
erous rocks  of  the  Scottish  border. 

In  Trana  Boyal  Soo.  Bdinbargh,  toI.  30,  pt 
2;  1880,  p.  511. 2  pis. 

PreBlvfiehia,  OyUuB^  EufypUruB^  GtyptoBCor- 
piuB  n.  g.,  AeanthoeariB  n.  g.,  Awthrapalaemon, 
Pakeoerangon,  PalaoeariBt  PBeudo-OiUattua 
n.g. 

On  the  occurrence  of  PterygoiuB  and 

a  Limuloid  in  the  Caithness  Flagstoues, 
and  on  the  nature  and  mode  of  forma- 
tion of  ''Adam's  plate.'* 

In  Proo.  Royal  Phys.  Soo.  Edinburgh,  1883, 
p.  343,  plate. 
PterygotUB  dieki. 

Phillipa  (John).  On  the  occurrence  of 
some  minute  fossil  Crustaceans  in  Pa- 
laeozoic rocks. 

In  Rept  11th  Meeting  Brit  Assoo.  Adv.  Sol., 
1841,  Trans.  Sec.,  p.  64. 


58 


A  BIBLIOGBAPHT  OF  t'ALEO^OlC  C&USTACEA. 


(BULUtt. 


Phillipfl  (John)— Continnod. 

— — lUnstrationB  of  the  geology  of  Tork- 
shire.    Pt.  2.    The  mountaiii  limeotone 
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Copepode:  EurypteruM.  Cyproide:  Oythere, 
Sairdia,  Bayriehia,  LeperdiHa^  Oyprit.  Cypri- 
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ParadoxideM  harktni  Green. 

Paradaxidea  near  Boston. 

In  Sdinb.  New  Philoa.  Joor.,  roL  6;  1857,  p. 
314. 

Rogera  (  Henry  D. )  The  geology  of 
Pennsylvania.  A  Government  aarvey 
with  a  general  view  of  the   geology 
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Rogers  (Henry  D.) — ^Continned. 
of  the  United  StateB,  essays  on  the  coal 
formation  and  its  fossils,  and  a  descrip- 
tion of  the  coal  fields  of  North  America 
and  Great  Britain.  2  toIs.  Edin- 
burgh, London,  and  Philadelphia,  1858. 
Atlas  of  plates  and  maps. 

Organic  remains  of  the  Palieoiolc  strata  of 
PeonsylTania,  toI.  2,  pp.  815-834. 

PsrodoxMlat,  Ataphut,  OatynMne. 

Kotes  on  the  Beuriekia  and  Leperditia,  by  T. 
Ropert  Jones,  toI.  2,  p.  834,  figs.  696-699. 

Rominger  (C.)  Description  of  Primor- 
dial fossils  from  Mount  Stephens,  N.  W. 
Territory  of  Canada. 

In  Proo.  Acad.  Nat.  Scl.  Phila.,  1887,  p.  12. 
IpL  , 

Ogygia^  MmboKmus  n.  g.,  Menocephaltu^ 
OonoeephaUUt,  BathyuruMf,  Agnostut. 

Dr.  C.  Hominger's  rejoinder  to  Mr. 

C.  D.  Walcott. 
In  Am.  Geologist,  vol.  2,  1888,  p.  866. 

Renault  (Marie).  M^moire  snr  les  Trilo- 
bites  da  d^partement  d'lUe  et-Vilaine. 

In  Boll.  Soo.  Otel.  France,  2d  series,  vol.  4, 
1846;  p.  309. 

2WntM;I«i«,  NxUui,  PrionocheHxu  n.  g.,  Goly- 
WMiM,  Phaeopi,  Polytret,  Oheirurut,  Trinudetu, 

M6moire.    1.   Snr  la  composition  dn 

test  des  Trilobites.  2.  Sar  les  change- 
ments  de  formes  dns  ik  des  oaases  acoi- 
dentelles,  ce  qui  a  pn  permettre  de  con- 
fondre  des  esp^ces  diff^rentes. 

In  Bnll.  Soo.  66ol.  France,  yol.  6, 1848,  p.  67, 
pis.  1-2. 

Ogygia  hrongniarH^  O.  edw^rdHt  lUcenuM  det- 
marettC,  (Mymene  arago^  TrintuUus. 

*— -  Fossiles  dn  terrain  sUurien,  ^tage 
da  sohiste,  ardoisier  fosillif^re,  Crns- 
tac^,  famille  des  Trilobites. 

In  Ball.  Soc.  G6o].  France,  vol.  8, 1851,  p.  358. 

Oaiffmene  t€Uteri,  O.  vemeuUif  Daltnannia 
veHUarti^  D.  ineerta,  Placoparia  totimemini, 
Ogffgia  desmaretti,-  HomalonotuM  brongniarti, 
JSr.  barrandei^  H.  hauimanni^  H.  Ugraverendi, 
Pleeiiaeomia  kieneria,  Proettu  huhayi,  P.  mi- 
eheHni,  Cypha»pU,  Beyrickia,  Ltperditia  n.  g., 
L.  britanniea^  Phacopa* 

Safford  (J.  M.)  Geology  of  Tennessee. 
Nashville,  1869,  7  pis.  and  map. 

The  anchor,  in  bis  catalogue  of  Trenton 
and  Nashville  fossils  oocnrring  in  the  Central 
Basin,  p.  286,  gives  the  names  of  JkUmaniUt 
trooiti  n.  s.  and  JBnerinunu  ecBeedrinut  n.  a,  bat 
withoat  specific  descriptions. 

Sanciberger  (O.)  and  Sandberger  (F.) 
Die  Versteinemngen  de^  rheinischen 
Sehichten -System  in  Nissan.  Wiesba- 
den, 18d<H$6,  at;}a§  in  folio,  39  pis. 


Sandberger  (G  )  and  Sandberger  (F.)«^ 
Cotttinned. 

Jffarpet,  OypkoipU^  TrigonatpU  n.  g.,  OyUn- 
drtupUiug.,  Phacaptt  DalmanUei,  Htnnaiono- 
tu$t  OdMitvpUwrOt  Oheirurut,  BtwUnu^  (Vprfn> 
dia. 

Salter  (J.  W.)  On  the  strnctare  of  Tri- 
nuoleuB,  with  remarks  on  other  species. 
.  In  Qoart  Joar.  GeoL  Soo.  London,  voL  8, 
1847,  p.  S51,  4  figs. 

Crnstacea. 

In  Mem.  Geol.  Survey  Ot  Britain,  voL  S,  pt» 
1. 1848,  pp.  333-851,  figure,  pis.  6-8. 

OUntu,  Proetut^  Phaeopa,  Dalmannia,  Ooi^ 
meiM,  lAehatf  IHnudeui,  Ampyx,  Ogygia^  lOm- 
niM,  AcidatpU^  Okeiruruit  Sphetmoehut^  (V- 
htU^  AgnotUu^  Btyrieihia, 

and  Forbes  ( Edward ) .    Fignres  and 

descriptions  illastratiye  of  British  or- 
ganic remains.    Decade  2. 

In  Mem.  Gool.  Survey  United  Kingdom  Lon- 
don, 1848,  10  |^U. 

ParadMdAet,  Olenitt,  PwrahcUna  n.  g.,  PAa< 
eop0,  IMmannia^  PorUoeHa,  Orypkmut,  OaU|y- 
tia«n«,  Ampyx^  Braehampyx  n.  g.,  AiaphuM^ 
Ogygia^  lUemxtt,  Bumaahu. 

The  description  of  all  the  species,  with  the 
exception  of  Ampyx  nudu$^  was  made  by  J.  W. 
Salter. 

Description  of  PUry^Uk*  probUmati- 

CU9  Agass. 

In  Qoart.  Jour.  Oeol.  Soo.  London,  voL  8, 
1862,  p.  388,  pi.  21. 

PUrygohUt  BtHUnurtu. 

Appendix  A  to  British  Pi^Usozoic 

fossils  in  the  Geological  Mnsenm,  Uni'^ 
versity  of  Cambridge.  London,  1852 
(Sedgwick  and  McCoy). 

Description  of  a  few  species  from  Wales  and 
Westmoreland,  referred  to  in  the  foregoing 
work  by  John  WiUiam  Salter,  p.  045. 

Phacopt,  Oaiynun0,  fl^omoIonohM,  XieAof, 
Hkmiu,  Oheintrua,  EnerinuruSt  OybeU,  Bey- 
riehia,  Cfythere,  EurypteruM. 

— i—  On  the  lowest  fossiliferoas  beds  of 

North  Wales. 

In  Kept  22d  Meeting  Brit  Assoc.  Adv.  Sci., 
1862.  Trans,  of  Sec.,  p.  66. 

Hymenoearis  n.  g. 

On  a  few  genera  of  Irish  Silnrian 

fossils. 

In  Kept.  224!  Meeting  Brit  Assoc.  Adv.  Sci., 
1852,  Traos.  of  Sec.,  p.  59. 

Stygina  n.  g.,  OypKoniBcut  n.  g.,  BemopUuri- 
des,  OypkoipiM,  ^glina,  Aeidtupii. 

Notes  on  the  Trilobites. 

Appendix  G  to  an  article  by  Senhor  Carlos 
Ribeiro  on  the  Carboniferoas  and  Silnrian  for- 
mations of  the  neighborhood  of  Bassaco,  ii) 
Portngal. 
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Salter  (J.  W.>— <7ontinaed. 

In  QoArt  Jour.  Geol.  800.  London,  rol.  9* 
U58,  p.  158,  pi.  7. 

PAcMopt,  OaHymtne,  TrimneUut,  Ogygia,  IUob- 
mi^  Pteeoporio.  ^ 

-^  On  Aretio  Silnrian  fossils. 

Isk  QnAit.  Jour.  Geol.  Soe.  London,  voL  9, 
058,  p.  S12. 

~~  Figures  and  descriptions  illustrative 
of  British  organic  remains.    Decade  7. 

!bi  Hem.  OeoL  Surrey  United  Kingdom,  Lon- 
don. 1853. 10  pU. 

The  generm  are  arranged  in  this  work  in  the 
following  order:  1.  Phacopa  dovmingia,  section 
Acute,  P.  apietdatUB^  P.  brongniarti^  P.  dal- 
nurnnif  P.  jamesii^  P.  ai^frofu,  P.  jukeni^  P. 
eonophthaimus !  section  Odontochile  (Dolman- 
nia),  P.  mueronatut,  P.  amphora.  2.  OhriruruM 
himUfOnmatMit  ieotlon.Crotalooephalns.  0.  arti- 
evXaiusff  section  Cheiroms,  O.^eeionu,  O.ge- 
UuinotuMf  O.  eaneruruM,  O.  oetolobatiu ;  section 
Aotinopeltis,  O.  ctavifront.  *  8.  Sphoerexoehut 
mirua.  4.  JBnerinunia  aexeottatuB,  E,  puneta- 
Cttf,  E.  variolarit^  B»  mvUUegmentatui.  5. 
Oyphaapit  megatop$,  C.  pffgrnma  6.  Addofpig 
jamtnlt  A.  bUpinaau$^  A.  earaetaei.  7.  Trinu- 
etsMsBoydJi.  section  1,  Trinucleus  proper,  T.  eon- 
«€ntrieu$,  with  four  vftrletiee,  T.  thertitet ;  sec- 
tion 8,  Ttetaspis.  T.  teUeomig,  T.  fimbriatut,  T. 
radiahu.  8.  UemopUuHdet  cdSbii^  R.  lateritpi- 
ntfer,  JR.  doraopin\fer ;  section  Bemopleorides, 
JS.plalycep«,  B.  Umgieoatatut^  B.  obtuttu ;  sec« 
tion2,  Caphyra,  R.  (Oaph.)  radiam.  9.  Oypho- 
niieut  toeiaUt.  10.  JBgUna  m,irabUis,  JEglina 
major, 

On  some  new  Cmstacea  from  the 

uppermost  Silnrian  rooks,  by  J.  W. 
Salter.  With  a  note  on  the  structure 
and  affinities  of  Hlmantopterus,  by  T. 
H.  Huxley. 

In  Qnazt  Jour.  Oeol.  Soc.  London,  toL  12, 
1856,  pi.  28.  flgs.  1-7. 

Simantopterus  n.  g. 

Description  of  the  Crustaceans  from 

the  uppermost  Silurian  rocks  near  lies- 
mahago. 

In  London,  Edlnb.,  Dublin  Philo&  Mag.,  toI. 
11, 1658,  p.  83. 

Simanlopterui. 

On  the  great  Pterygotus  (Seraphim) 

of  Scotland  and  other  species. 

In  Rept  28th  Meeting  Brit  Assoc  AdT.  Set, 
1888,  Trans,  of  Sec,  p.  75. 

On  fossil  remains  in  the  Cambrian 

rocks  of  the  Longmynd  and  North 
Wales. 

In  Qusrt.  Jour.  Geol.  Soc  London,  toL  12, 
1858,  p.  246. 
Pdtaopyge  ramtajfi,  pi,  4,  ftg<  3,  new  species 

andgeoDf, 


Salter  (J.  W.)— Continued. 

On  two  Siluriau  species  of  Addtutpis 

from  Shropshire. 

In  Qoart.  Jour.  GeoL  Soc.  London,  voL  IS, 

1857,  p.  210,  pL  6. 

On  some  new  species  of  Eurjfpienu. 


With  note  on  the  distribntioti  of  the 
spocies. 

Ih  Quart  Jour.  Geol.  Soc  London,  toL  15, 
1850,  p.  229,  pL  10. 

—  On  the  fossils  of  the  Lingnla  flags 
or  zone  Primordiale  Paradaxidea  ami 
€k>nooephalu$  from  North  America. 

In  Quart.  Jour.  GeoL  Soc  London,  toL  15, 
1850,  p.  551, 4  flgs. 

Paradoxidtt  benneta,  Oonocqpkahu  anHqua- 
tutt  Ataphus  or  (Henui  sp.  t  i 

—  New  Silurian  Crustacea. 

In  Annals  Mag.  Nat.  Hist,  3d  aeries,  Lon- 
don, ToL  5, 1880,  p.  158,  figures. 

OeratioearU,  JHetyoearig  n.  g.,  Pi^soeorif 
n.  g. 

—  On  the  fossils  from  the  High  Andes, 
collected  by  David  Forbes. 

In  Quart  Jour.  Geol.  Soc  London,  vol.  17, 
1861,  p.  iS2,  pis.  4, 5. 

Proetua  (Orffphanu)  pentlandij  HomaUmotut 
linarea,  H.  sp.  f ,  Beyriehia/orbMii,  Pkaeoptlati- 
Jtont  Bronn. 

— *-  On  some  of  the  higher  Crustacea 
from  the  British  Coal  Meaaurea. 

In  Quart  Jour.  Geol.  Soc.  London,  voL  17, 
1861,  p.  528,  flgs.  l-«. 

AtUhr€^^aleemon  n.  g.,  Paleooerangon  n.  g. 

Name  changed  to  that  of  OrangopwU.  See 
same  Journal,  toL  10,  p.  80. 

—  Crustacea  in  the  Coal  Measures. 

In  London,  Edinb.,  Dublin  Philos.  Mag.,  vol. 
22, 1861,  p.  825. 

AfUhrapalamon. 

This  is  merely  a  notice  of  the  article  referred 
to  in  the  Quart.  Jour.  GeoL  Soc,  vot  17, 1861,  p. 
528. 

—  Description  of  UrtmeeUa  {Gamponyx) 

%ooialU  in  the  Rev.  T.  Brown's  paper, 

''Mountain  limestone  and  Lower  Car- 

boniforous    rocks    of    the     Fifeshire 

coast."  (•) 

In  Trans.  Boyal  Soc  Sdinb.,  vol.  22,  pt  2, 
1861,  p.  384. 

—  A  monograph  of  British  Trilobitea. 
In  PalflDont  Soc  London,  vol.  16,  1882,  pp. 

1-83,  pis.  1-6,  pt  1. 

PAoeopf ,  subgenera  TWnMroMpAoltitf  McCoy, 
Phacopt  Emm.,  A  caste  Gold.,  Ohaamop*  McCoj. 
OdofUoehUe  Corda,  OryphtBun  Green. 

CAeirurtM,  subgenera  CrotaloeophdiuM  Sal- 
ter, Ohairurut  Beyrich,  EeeoptoehUe  Corda, 
AetinoptUU  Corda,  8p1unexochu9  Beyricbi 

AmpMon  Paitderr 
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Salter  (J.  W.}-^oiitiaaed. 

—  On  some  foaril  Orastacea  from  the 

Coal  Measures  and  Devonian  rocks  of 

New  Brunswick,  Nova  Scotia,  and  Cape 

Breton. 

In  Londmi,  Sdinb.,  Dablln  Fhiloik  ICae.,  Ath 

■cries,  Tcd.  24,  ISSt,  p.  168. 

A  monograpk  of  British  Trilobites. 


Pt.  2.    Pp.  81-128,  pis.  7-19. 

In  Pilsont  Soo.  London,  toI.  17,  IMS. 

OaifymenSt   Bmnalonotua^  snbgenera  Brtm- 

gnimrtim  Salter  (not  BrangniarUa  Eaton).  Dri- 

Green,  Diptmura  Green,  Kcmigia  Salter, 

Salter;  Ogygia,  StauroeephahUf 

Iktpki9n,Ampkion» 

—  On  some  fossil  Cmstacea  from  the 


Coal  Measures  and  Devonian  rocks  of 
British  North  America. 

In  Qoart  Jour.  GeoL  Soo.  London,  toL  19. 
1863.  p.  75,  Age.  1-12. 

AmphiptUit  n.  g.,  IHpUutyhu  n.  g.,  BurypU- 
nu^Paianerangon, 

Onie  author  herein  ohangee  the  name  PaUao* 
enM^o%  Salter  to  that  of  Ortting<iptia, 

On  some  species  of  Eurypterus  and 

allied  forms. 

In  Qoart.  Jonr.  (3eoL  Soo.  London,  rol.  19, 
USt,  p.  81,  8  wood-cnta. 

Xwn/pttruB  tcotderi,  E.  (Arfhr^lmirat) 
mamroalitf,  BJ  {ArthropUura)  fetw^ 

On  Peltocaris,  a  new  i^nns  of  Silu- 
rian Crustacea. 

In  Qnart.  Jonr.  GeoL  Soo.  London,  toI.  19, 
1863,  p.  87. 

PtUocmrU  n.  g.,  SymenoewU,  OeraHoeorit, 
IHeiifOcari$,  DUhjfroearia,  Arge$,  Apu§,  NebaUa, 
BMheria,  LeperdMat  Beyrichia. 

^ —  On  some  tracks  of  Lower  Silurian 
Crustacea. 

In  Qnart.  Jonr.  GeoL  Soo.  London,  toL  19, 
1868,  p.  92,  flgnres. 

— '-  Note  on  the  Skiddaw  slate  fossils. 
In  Qnart  Jonr.  GeoL  Soo.  London,  roL  19, 
1863,  p.  189^  flgnres. 
Chryocariin.  g. 

—  On  the  discovery  of  Paradoxides  in 
Britain. 

In  Qnart  Jonr.  Geol.  Soo.  London,  rcrf.  19, 
1863,  p.  274. 
Ptiradosfides  davidU, 

—  On  a  new  Crustacean  from  Qlasfi^ow 
Coal  Field. 

In  Qnart  Jonr.  GeoL  Soo.  London, -iroL  19, 
t863,p.  619.  figs.  1.2. 
Pokeoearalnu  rusuttianut. 

—  A  monograph  of  British  Trilobites. 
PL  3.    Pp.  129-179,  pis.  15-25. 

In  PabBont  Soo.  London,  vol.  18,  for  1864 
(Loadom  1866). 


Salter  (J.  W.)~Con tinned. 

OgygiOt  subgenera  Barrandia,  and  Bcmahp' 
teon;  Niobe^  Ataphus,  eabgenen  Ptypkopyye, 
BatiUcu*^  Megakupit,  Itotelut^  Oryptoftymut^ 
Symphyturut,  BraehyatpU,  and  NiUut;  Siy- 
gitMy  P'tUoeephaltu  n.  g. 

—  Figures  and  descriptions  illnstratiTe 
of  British  organic  remains.  Decade  XI. 
Trilobites  (chiefly  Silurian) . 

In  Mem.  GeoL  Survey  United  Kingdom,  Lon- 
don, 1864, 10  pis. 

Paritdoxidet,  Angelina^  OUnut,  O.  (Lepto- 
pUutut),  O.  (PsUura),  O.  (SpKaropKthalmut), 
O,  (ParaJMif^)^  dmoeoryph^  Phaeopa  (IVi- 
meroegphalut),  Salieria  n.  g.,  Stygma,  Aiapkut, 
^glina,  Stauroeephalut,  AgnoMtut^  A,  (Chndy" 
^pyg^)*  A.  {Trinodut),  A.  (PAoXocroma). 

The  article  on  SaUena  prinuBva  n.  g.  et  sp., 
pi.  6,  was  edited  by  P.  WyviUe  Thomaon. 

On  some  fossils  from  the  Lingula 


flags  of  Wales. 

In  Qnart.  Jour.  GeoL  Soo.  London.,  voL  80, 
1864,  p.  233,  pi.  13. 

Paradoxidet,  Anopolenua  n.  g.,  OonocoryplU, 
Holoeqi>halina  n.  g.,  MieroditeuM^  AgHoHutt 
Leperditia, 

—  Note  on  the  fossils  from  the  Budleigh 


Sandstone  Pebble  bed. 

In  Quart  Jonr.  Geol.  Soo.  London,  vol.  20, 
1864,  p.  286,  pL  15. 

PhaeopM  incertus,  Oalymene  triatani^  Homo- 
lonottu  brongniMrti^  Myoearit  n.  g. 

For  detailed  description  of  Myoearis,  see 
Geol.  Mag.,  voL  1,  London,  1864,  p.  11,  fig.  4. 

On  the  new  genus  Anopolenu9, 


In  Geol.  Mag.,  vol.  1,  London,  1864,  p.  6. 
AnopcUntu  n.  g.,  Myooarii. 

—  Catalogue  of  the  Museum  of  Practi- 
cal Geology  of  London.    London,  1865. 

—  and  Woodward  (Henry).  Chart 
of  fossil  Crustacea,  accompanied  by  a 
descriptive  catalogue  of  all  the  genera 
and  species  figured.  London,  1865, 
pis.  3  and  4. 

Permian:  Protopinitetu^  JMmanitttf  ka- 
MOto,  BaOieria,  Kirkbya,  Bairdiit,  CfytherideU, 
CylSere,  Limuhu. 

Coal:  Palaocarabfu,  Pygoeephahu,  Uronaetui 
(Oampionyxh  IHploityltu,  PkUUpna,  BstKer%a» 
Beyriehia,  Kirkbya,  LeperdUia,  Oandana,  Lniia^ 
ArthropUura^  Burypterut,  lAmuhut  (BeUnu- 
ru$). 

Mountain  Limeetone:  PaUBoerangon^  Braehy' 
metoput,  OrifithideM,  PhtOipHa,  DUkyrwsaria, 
OytLxu,  Bttheria,  Oythare,  OypridtnOt  Oyprdlat 
OyprideUa,  Bntomoeonchut,  BeyrMUa,  Bairdia, 
LeparditiafEwrypterus,Limukut  trUobitoidat, 

Devonian :  Amphipeitit,  Qitocrangcn^  C!a«Mp«« 
0aHf,  Proetui,  BnerinuruM,  Bronteus^  Phmeop$, 
Oyphoipit,  ArgeSf  Typhomiteu$,  Homalimotus, 
SQrpe$,  Oypridina,  Bttkcriaj  Z/eperdifiat  J^n^ 
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Salter  (J.  W.)— Continaed. 
«i»i«,  Oypridina,  Btyriehia,  Batriekopus^  Eu- 
ryptens,  PUrygoiuM. 

Upper  Silurian: 'JBrofiteta,  HZ^Bnuf,  CyphM- 
fia^  ProetuMy  AvJLacopUwrat  Phaeopi,  Mncri- 
nwrut,  AcidMpit,  OhHruruat  JETomotonotiM,  Dei- 
phon^  (hdipnene,  Harpu,  DidyoearU,  Btyriehia, 
OeroHoeariSt  LeperdiHOt  Stykmvrutt  Pterygohu, 
Hwnwupiat  Slinumiat  Bufiodes, 

Lower  Silurian:  Ataphut^  StygifM,  iftlettf, 
lOmnut^  ^§Hna,  Ogygia,  Agnottutt  Niobe,  Pha- 
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9  0,  9  e,  U  f.    German  and  French  editions. 

This  author  gives  tbe  name  of  Trilobite  to 
the  family,  a  designation  which  has  been  used 
by  all  subseqneut  authors,  with  the  etzceptlont 
of  J.  W.  Dalman  and  C.  S.  Bafinesqoe. 

Walcott  (C.  D.)  Description  of  a  new 
species  of  Trilobite  [from  Trenton  Falls, 
New  York.] 

In  Cincinnati  Quart  Jour.  Sci.,  voL  2;  187S,  p. 
27a.  2  figs. 

8phoarcioryi>he  rohuaiua, 

New  species  of  TrUobite  from  the 

Trenton  limestone  at  Trenton  Falls, 
N.  Y. 

In  Cincinnati  Quart  Jour.  Set,  voL  2, 1875,  p. 
847,  wood-cuts.* 
■Eefnoflavridca  atriaUdua. 

Notes  ou  Ceraurus  pleurexantktmu$ 

Green. 

In  Axmals  Lyceum  Nat  Hist,  New  York, 
vol.  11, 1878,  p.  156,  pL  IL 

Preliminary  notice  of  the  discovery 

of  the  remains  of  the  natatory  and 
branchial  appendages  of  Tiilobitee. 

In  28th  Bept  New  York  SUte  Moa.  Nat 
^ist,1875,p.89. 

Description  of  new  species  of  fossils 

from  the  Trenton  limestone. 

In  28th   Bept  New  York  State  Mus.  Nat 
Hist,  1875.  p.  93. 
BathyurtUf  Aaaphua. 

Notes  on  some  sections  of  Trilobites 


from  the  Trenton  limestone. 

In  81st  Bept  New  York  State  Hna.  Nat 
Hist,  1879,  p.  61.  Advanced  abeeta  pubUabed 
September  20, 1877, 1  pL 

—  Notes  upon  the  legs  of  Trilobites. 

In  Slat  Bept  New  York  SUte'  Has.  Nat 
HUt,1879,p.61 

—  Notes  upon  the  eggs  of  the  Trilobites. 
In  3l8t  Bept  New  York  State  Mua.  Nat. 

Hist,  1879,  p.  66.    Advanced  sheets  pnbliahed 
September  20,  1877. 

—  Descriptions  of  new  species  of  fos- 
sils from  the  Chazy  and  Trenton  lime- 
stones. 

In  3lBt  Bept  New  York  State  Mas.  Nat 
Hist,  1870,  p.  69.  Advanced  sheets  pabliahed 
September  20,  1877. 

ArioneUua,  Dahiianitea.  Aaaphua,  Aeidcupia, 
Veraunu,  Encrinumay  JUctnua. 

—  The  Utica  slate  and  related  forma- 


tions of  the  same  geological  horizon. 

In  Trans.  Albany  Inst,  voL  10,  1879,  p.  2, 
pis.  1,2. 
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"Xnralcott  (C.D.)~Coiitiiined. 

M6t«morphof««8  of  Triarthrua  h4eH, 
Triarthnu  becki  and  Btyriehia  eineinnaH- 


—  Deseription  of  new  species  of  fossils 
from  tbe  Oarboniferons  fonnatioD. 

In  82dE6pt.  Kdw  York  SUte  Cabi  Nat.  Hist., 
187B^  p.  1291  Pamphlet  published  in  advance  of 
the  report 

Oenoe^hdUUB,  P^fchaapu,  Bathjfurut. 

—  The  Trilobite,  new  and  old  evidence 
relating  to  its  organization. 

In  Kns.  Comp.  ZooL  Harvard  Coll.,  voL  8, 
1881,p.l91«6pla. 

—  Description  of  a  new  genns  of  the 
order  Euryptenu  fh>m  the  Utica  slate. 

In  Am.  Joor.  Scl.,  3d  series,  voL  23,  1882,  p. 
218,flgaree. 
EehinogtuUhua  n.  g. 

—  Description  of  new  species  of  fossils 
fh>in  the  Trenton  group,  New  York. 

In  85th  Bept  Kew  York  Siate  Cab.  Nat. 
HUt,1883,p.206.1pL 

Beyriehia,  LeperdUia  (IioehUi$M,). 
Author's  edition,  October  15, 1883, 8  pp.,  1  pL 

—  Iigarj  sustained  by  the  eye  of  a 
Trilobite  at  the  time  of  moaltingof  the 
ahell. 

In  Annals  Nat.  Hist ,  5th  series,  voL  13,  Lon- 
don, 1884,  p.  68. 

—  On  the  locomotory  appendages  of 
Trilobites. 

In  Science,  vol.  3, 1884,  p.  279, 3  fif^s. 
Attipktu  tnegistoB,  OaJywune  tenaria. 

—  Palaeontology  of  the  Eureka  district. 

In  Hon.  XJ.  S.  Geol.  Sarvey,  vol.  8, 1884, 24  pU. 

JHeettoe^halutt  OUneUut^  PiyehoparitL^  P. 
{iMtnopUum),  P.  (PterocephaUit)^  Anomocare^ 
Balfhywnu,  Ohariocepludtu,  Ptyehaapii,  Affrau- 
lot,  Proetui,  Oyphatpis^  Arethmino,  Phittiptia, 
QrifUhideSf  Phaeopi,  IkUtnanitett  Trinxideus^ 
A$aphug^  Symphyturut,  Ogygiaf,  Barrandiaf, 
lUcgnunu^  Oeraurtu,  Amphion^  JUcentu,  Agnot- 
tuM,  LeperdUia^  Beyrichia,  Primitia,  PlufnulUes. 

—  On  the  Cambrian  faunas  of  North 
America.    Preliminary  studies. 

In  BnU.  U.  S.  GeoL  Survey,  No.  10.  1884, 
10  pis. 

ParadfOxULeB,  (hnocoryphe,  JSarUia  n.  g.,  Pty- 
ckoparxa^  AgnotttAS,  Microdigcut,  Agraulos,  Pro- 
tocmris  n.  g. 

PalsDozoic  notes :  New  genus  of  Cam- 


brian Trilobites,  MeBonacis. 

In  Am.  Jour.  Sol.,  3d  series,  vol.  28, 1885,  p. 
S28.  figures. 

Describes  a  new  genus,  Jfefonoci*,  and  sub- 
■tltntes  the  generic  name  Baiiiella  of  Matthew 
for  tbe  subgenus  SnUenm,  proposed  by  him 
(BoILU.  S.  Qtol,  Survey,  No.  10,  1C84). 


Walcott  (C.  D.)— Continued. 

Second  contribution  to  the  studies 

on  the  Cambrian  fauna  of  North  Amer- 
ica. 

In  Bull.  IT.  S.  Geol.  Survey,  No.  30, 1886. 
Figures  and  descriptions  of  species  of  the  fol< 
lowing  genera  are  given,  viz:  ParodooEidsc,  Ba- 
thjfnotugt  MemmaeU,  Oienellus,  (Honoides^  Oryo- 
towphalmt  n.  g,  Ptyehoparia^  Solenopleura^ 
Anomocaro^  Cfrepieephalua,  J>orypyge,  AtaphiM- 
cut,  BathyurUcua,  AgnoHuM^  MierodUeut^  Proty- 
put  n.  g.,  Protoearit,  Ltptrditia. 

Tauna  of  the  upper  Taoonic  of  Em- 
mons, in  Washington  County,  New 
York,  with  one  plate. 

In  Am.  Jour.  Sd.,  3d  series,  vol.  84,  1887,  p. 
187. 

Solmopieuro  f ,   Ptyehopariat^  Kieroditotu, 
OUnoidsMf  Oonoeoryphe,  Arittogoo,  LepordUia. 

Cambrian  fossils  from  Mount  Ste- 


phens, North  West  Territory  of  Canada. 

Am.  Jour.  Sci.,  3d  series,  vol.  86, 1888,  p.  161. 

Ptychoparia,  Agnottut,  BathyuriteuM^  OUnci- 
det,  SSaoanthoides  n.  g. 

Stratigraphic  position  of  the  Olenel- 

lus  fauna  in  North  America  and  Eu- 
rope. 

Am.  Jour.  Sol.,  3d  series,  voL  87,  1888,  p.  874. 

Leperditia,  Arutozoa,  ProtooarU,  Agnottut, 
Microditexa,  Olenellut,  Paradoxidet,  Olenoidett 
Zaeanthoidet,  Bathynotut,  Avalonia  n.  g.,  Oono- 
coryphe,  Ptyehoparia,  Agratdot,  Orepieephalut, 
Oryetoeophcdutt  AnomoMrtj  Pro^fput\  SoUno* 
pUura. 

Waldachmidt  (E.)  Ueber  die  devoni- 
sohen  Schlohten  der  Gtogend  von  Wild- 

ungen. 

In  Zeitsohr.  Dentsoh.  geol.  GeselL,  vol.  87, 
1885,  p.  906,  pis.  37-40. 
Phaeopt^  BrofUeut,  Cfypridina. 

Warder  (John  A.)    New  Trilobites. 

In  Am.  Joor.  Sci.,  1st  series,  vol.  34,  1838,  p. 

377. 

Ceratoeephala  n.  g. 

This  article  on  the  new  genus  OertUoeephaUt 
was  read  before  the  Western  Academf  of  Sol- 
ence.  May  25^  1838. 

"Washburn  ( W.  T. )  The  geology  of  the 
Bosphorns. 

In  Am.  Jour.  Sci.,  3d  series,  voL  6, 1873,  p.  186. 

Not  descriptive ;  contains  important  notes  on 
fossil  Crustacea. 

Weitenweber  (W.  R.)    Systematisches 
Verzeichniss  der  bdhmischen  Trilobiten 
in  der  Sammlnng  des  Dr.  Zeidler. 
In  Lotos,  vol.  7, 1847,  pp.  6-42. 

Wetherby  (A.  G. )  Description  of  a  new 
family  and  genus  of  Lower  Silurian 
Crustacea. 
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'Wetherby  (A.  G.)— Continued. 

In  Joar.  Cincinnati  Soc.  Nat.  Hist.,  vol.  1, 
187S-79,  p.  162,  flp[ire,  toL  2,  pi.  7,  figs.  1, 1  i^g. 
Unoploura  balanoidu. 

Deacription  of  new  fossils  from  the 

Lower  8ilnrian  and  Sabcarboniferoas 
rocks  of  Ohio  and  Ken  tacky. 

In  Jonr.  Cincinnati  Soo.  Kat.  ]^t.,  vol.  4, 
1881,  p.  77. 

Proetutt  IsoehiUna. 
White  (C.  A.)  and  Bt.  John  (O.H.)  Pre- 
liminary notice  of  new    genera  'and 
species  of  fossils.^  Iowa  City,  Hay  8, 

1867,3  pp. 

Beyriehia  IWuf/actor,  B.  UtJuf actor  w,  velata^ 
OytKer^  timptex. 

Of  this  amall  pamphlet  only  flfty  oopiea  were 
pnbliahed  by  the  Iowa  State  Geological  Sur- 
vey. Bepnblishod  in  Trano,  Chicago  Acad. 
Sci.,  yoL  1, 1867. 

Description  of  new  sabcarbon- 
iferoas and  Coal-Measare  fossils  col- 
lected upon  the  geological  sarvey  of 
Iowa,  together  with  a  notice  of  new 
generic  characters  observed  in  two 
species  of  Brachiopods. 

In  Trans.  Chicago  Acad.  Soi.,  ro\.  I,  pt.  1, 
1867,  p.  115,  2  figs. 

Beyriehia  petrifaetor,  B.  petrifaetor  var. 
t^ta,  B.  /aUoidea^  Oy there  timplex. 

In  tills  article  the  authors  give  the  new 
liunea  of  Beyriehia  petrif  actor  to  the  species 
described  in  the  preliminary  notice  as  B.  litho- 
/actor,  and  also  change  the  name  of  B.  litho- 
factor  rar.  veUUa  to  that  of  Beyriehia  pttriSador 
var.  veiaVa, 

Preliminary  report  upon  inverte- 
brate fossils  collected  by  the  expedi- 
tions of  1871, 1872,  and  1873,  with  de- 
scriptions of  new  species. 

In  Geog.  and  Geol.  Sxpl.  Surreys  West  100th 
Meridian,  Washington,  1874. 

OUneOiuM,  IHceUoeephaluet  Megalaepie,  Ag- 
nof  tu«,  Leperdiiia. 

Report  upon  the  invertebrate  fossils 

collected  in  portions  of  Nevada,  Utah, 
Colorado,  New  Mexico,  and  Arizona,  by 
parties  of  the  expeditions  of  1871, 1872, 
1873,  and  1874. 

In  Geographical  Sarveys  West  100th  Meri- 
dian, Paheontology,  vol.  4, 1877,  pt.  1,  pp.  1-210, 
pis.  1-21. 

OUneHut,  IHcdloeephalue,  Ataphieeue,  Oono- 
eoryphe  (Ptychoparia),  MegaUupia,  Agnottus, 
Leperditia. 

PalsBontology :  Fossils  of  the  Indiana 

rocks. 

In  2d  Ann.  Kept.  Dept  Statistics  and  Ge- 
ology, Indiana,  1880.  pp.  471-622,  pis.  1-11. 


White  (C.  A.)  and  St.  John  (O.  H.)— 

Continued. 

Oalymene  eenaria,  Oyphaepie  chrigtyi^  PkSL- 
Uptia  bvfo. 

The  fossils  of  the  Indiana  rocks. 

No.  3. 

In  IStb  Ann.  Bept  Dept.  G«oL  and  Nat.  Hiat 
Indiana,  1883,  pt  2,  pp.  107-180,  pla.  23-^. 

Phittipeia  (GHfflthideef)  eeitala,  P.  («.  /)  saw- 
gamonenaie,  Eurypterue  {Antkraemutee)  naato- 
neneie,  Anthrapaiamon  graeHie,  AeantkateUon 
etimpioni,  A.  eveni,  Palceoearie  typua,  J>%ihyro- 
earit  earb&nariue,  Leaia  trieari$iata,  Euproope 
dance,  E.  eolUUL 

Whiteavee  (J.  F.)     Palaoozoic  fossihi. 
Vol.  3,  pt.  1, 1884. 

In  Geol.  and  Nat  Hist  Survey  Canada,  1884, 
8  pis. 

EuryptervM  boyUi, 

Contributions  to  Canadian  pabeon- 

tology.    Vol.  1. 

In  Geol.  and  Nat  Hist  Survey  Cao«da»  1886. 

In  the  author's  list  of  litMails  f^m  the  Hamil- 
ton formation  of  Ontario  the  following  Cma* 
tacea  are  included:  Phaeope  hufo,  JVifmimtfft 
heUna,  D.  hoothii,  and  Oytheref  (Beyriehia) 
punetui^era. 

.    See  Matthew  (G.  F.)    lUustra- 

tions  of  the  fauna  of  the  St.  John 
group.    No.  3. 

In  Trans.  Jtoyal  Soo.  Canada,  voL  3,  188S^ 
p.  76. 

Solenopleura  aeadia  Whiteavee. 
Wliitfield  (R.  P.)    Description  of  new 
species  of  fossils. 

In  Bept  Beconnoissanoe  from  Carrol,  Mon- 
tana Territory,  on  the  Upper  Mlsaonri,  to  the 
Yellowstone  Nationnl  Park  and  return,  Lud- 
low's report,  Washington,  1870. 

OrepieephaluM  { LoganeOue )  monianentis, 
ArumeUus  tripunetatue. 

See,  also.  Kept  Chief  £ng.  U.  S.  A.,  1874}, 
Appendix  NN. 

Preliminary   descriptions   of  new 

species  of  fossils  from  the  lower  geo- 
logical formation  of  Wisconsin. 

In  Ann.  Kept  Geol.  Survey  Wisconsin,  187T, 
pp.  50-88. 

DiefUoeephaluM,  Conoe^halitee,  Pt^ehatpit, 
Orepieephalus,  Agraulue  {Bathywnuf),  Arionei- 
lui,  EUiptoeephalut,  IlUenurue,  BrofUeue. 

Preliminary  report  on  the  palaeon- 
tology of  the  Black  Hills,  containing 
descriptions  of  new  species  of  fossils 
from  the  Potsdam,  Jurassic,  and  Creta- 
ceous formations  of  the  Black  Hills  of 
Dakota. 

In  n.  S.  GeoL  Sarvey  Booky  Mountain  Re- 
gion, Washington,  1877. 

Orepieephalui  (LoganeUut)  oenfralit,  O.  (JDo- 
ganeUuB)  planut. 
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^Thitfield  (R.  P.)— Continued. 

Description  of  new  apeoies  of  foesils 

from  the  Palieosoic  formationB  of  Wia- 
consin. 

In  Abb.  Sept.  QeoL  Soirey  WiaooBilB,  1OT9, 
ppw  44-71. 

JHpdtdttphahtM,  OnpUtpkalutf,  Pl^dUugnt, 
Aglatpia^  OtmoeephaUiMf,  OonoctphahUi  (Pty- 
€ktuffi§  t),  AtapkuM^  Ittmnus, 

New   forma  of  foaail  Cruataoeana 

from  the  Upper  Devonian  rooka  of 
Ohio,  with  deecriptiona  of  new  genera 
and  speoiea. 

In  Am.  Jour.  Sd.,  M  MriM,  toI.  19, 1880,  p.  33. 

BehSnotarU  b.  g.,  PaUmtpaimman  b.  g. 

A  pUte  and  eaqilaaatioB  aooompany  the 
aathor'g  edition. 

PaliBontology  of  the  Black  Hilla  of 

Dakota. 

In  XT.  S.  Qtai^  and  Qeoi.  Sonrey  Rocky 
Monatain  Region.  Rept.  Geol.  and  Reeoorees 
of  the  Blaok  Hilla  of  DakoU,  with  atlae;  by 
Heniy  Newton  and  Walter  Jenney,  Waahing- 
ton,  1888,  p.  325b  pL  2. 

Or^iMpkaha  plantu,  C  centralis. 

Paleontology. 

la  OeoL  Wiaoonsin,  toL  4,  1882;  pt  8,  pp.  188- 
883,  pie.  1-27. 

DthUoeaphahu,  OanocephaUUt,  O.  (Ptyehoi- 
pitth  BU^^toeephtUug,  Onpiesphaim,  Ptyehat- 
pi9^  AHoneUuM^  A.  (Agraulot),  Agraulot  (Bothy- 
wruif)t  AgUupiSt  Ilkenurus,  A§aphtu,  Jttamiu; 
JSpketrgxochtu,  Phaoopi,  BrpntoiM,  LeperdiHa. 

Deaoription  of  new  apeciea  of  foaaila 

from  OhiOj  with  remarka  on  aome  of  the 
geological  formationa  in  which  they 
ooenr. 

In  ABBBla  New  York  Aoadi  8cL,  toI.  2,  Noe. 
7, 8;  1882,  p.  183. 
JBurypUnu,  Leperdiiia,  PIiwhiKIm. 

— -*  On  the  fanna  of  the  Lower  Carbonif- 
erona  llmeatonea  of  Spergen  Hill,  Indi- 
ana, with  a  reyision  of  the  deacriptiona 
of  ita  foaaila  heretofore  pnbliahed,  and 
illnatratlona  of  the  apeciea  from  the 
original  type  aeriea. 

In  BnlLAm.  ICnt.  Nat.  Hist  New  York,  toI. 
l,No.3,1882;pL9. 

LtperdiOacafbonaria  Hall,  OyUunKnagUMn- 
deBaa.  8. 

Plates  repnblished  in  12th  Rept.  OeoL  Nat. 
Hist.  Indiana^  1882. 

Liat  of  Wiaconain  foaaila. 

In  GedL  WiMonsin,  toI.  1,  1883,  p.  882;  also 
iUnstratlons  of  typical  fossils  of  the  Wisoonsin 
formatlens. 

Kotioe  of  aome  new  apeciea  of  Pri- 
mordial foaaila  in  the  collection  of  the 


Whitfield  (R.  P.)— Continued. 
Moaeam,  and  correctiona  of  previonaly 
deacribed  apeciea. 

In  BnlL  Am.  Has.  Nat  Hist,  New  York,  toL 
1,  No.  6, 1884,  p.  139,  pis.  14, 15.      / 

DikOoeephaluM,  OCmmOiu,  AfionsOut,  Oono- 
•epkaUUa,  Angelina. 

Notice  of  a  very  large  apeciea  of 

HomaUmotua  from  the  Oriakany  aand- 
atone  formation. 

In  Ball.  Am.  Mns.  Nat  Hist,  New  York,  toL 
l,Na6bl885,p.l08,pL23L 
Homalonottu  major  Whitfield. 

Notice  of  geological  inyeetigationa 

along  the  eaatern  ahore  of  Lake  Cham- 
plain,  conducted  by  Prof.  H.  M.  Seely 
and  Preat.  Ezra  Bralnerd,  of  Ifiddle- 
bury  College,  with  deacriptiona  of  the 
new  foaaila  diacoyered. 
In  BulL  Am.  Mas.  Nat  Hist,  New  York,  vol. 

1,  No.  8, 1886,  p.  293. 

Sao  f  iomoCtefms  n.  s.,  Liehat  ohamplainentit 
n.  e.,  AsopkUi  camUit  Conrad. 

Obaenrationa  on  aome  imperfectly 

known  foaaila  from  the  oalciferoaa 
aandrock  of  Lake  Champlain,  and  de- 
acriptiona of  aeveral  new  forma. 

In  Ball.  Am.  Mas.  Nat  Hist,  New  York.  vol. 

2,  No.  2, 1888,  p.  41, 13  pis. 

PrimiHa  grtgaria,  P.t  eritUUa^  P.  Metlyi, 
Bathyurut  eonicta,  B.  Hslyi. 

Additional  notea  on  Aaaphus  eanalii 

Conrad. 

In  Boll.  Am.  Mas.  Nat  Hist.  New  York,  toL 
2,  No.  2, 1888,  p.  64,  pis.  11, 12. 

Deacription  of  a  new  form  of  foaail, 

Balanoid  Cirripede,  from  the  Maroelloa 
ahale  of  New  York. 

In  Ball.  Am.  Kus.  Nat  Hist.,  New  York,  toI. 
2,  No.  2. 1889,  p.  66. 

Protob€Uanu9  n.  g.,  P.  hamUtonentit,  pi.  18, 
ilg.22. 

See  Hall  (Jamea)  and  "Whitfield 

(B.P.). 

"Wigand  (Georg  von).  Ueber  die  Trilo- 
biten  der  ailariachen  Geachiebe  in 
Mecklenbnrg. 

In  Zeitsohr.  Beatsoh.  geol.  Oes.,  vol.  40, 1888, 
p.  39,  pis.  6-10. 

Pkaeop»t  LiehoMt  L.  (BaploUcKat),  lUrnnuM, 
OluirurvSi  O.  {OyrUnnetoput),  O.  (PseudofpiUa* 
rexoehut)t  0.  (ITietzkowikia),  JS^cerexookuM, 
Amphion,  Oyb^  Bnerinurut,  Addatpii. 

'V7iik  (F.  Q.)    Om  foaailiema  i  llanda 
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In  OeoL  Mag.,  deoade  8,  toL  1,  London,  1884^ 
p.  22. 

Monograph  of  the  British  Carbonif- 
erous Trilobites. 

In  ^aI»ont.  Soo.  London,  pi.  1, 1888,  ppw  1-88, 
pis.  1-8.  PAaUpsiOt  OWIKMdM.  Pt2(oonolB- 
sion),  1884,  pp.  89-83,  pis.  7-10. 

Prostut,  PkaUpiia,  Brachifm€topu»,  Or^ 
thide$,  DalmaniUtf. 

On  the  structure  of  Trilobites. 

In  OeoL  Msg.,  deoade  8^  toI.  1,  London,  1884, 
p.7& 
AtaphuM. 

Appendage^  of  Trilobites. 

In  OeoL  Mag.,  deoade  8,  voL  1,  London,  188^ 
p.  182. 
Aaaphtu  megittoit  2  figs. ;  Olslym#n«. 

Note  on  the  remains  of  Trilobites 

from  South  Australia. 

In  <3eoL  Mag.,  deoade  8,  toL  1,  London,  1881^ 
p.  842. 

OonoeephaUiu,  IMielu>m4iopu§. 

Synopsis  of  the  genera  and  species 

of  Carboniferous  limestone  Trilobites. 

In  OeoL  Mag.,  decade  8,  roL  1,  London,  1884» 
p.  484,  pL  10. 

PhUUpwia  {alieaudato,  P.  teofrfcs  P.  eorifuila, 
OriJUhidet  ffmispinua,  O.  gUber^  0,f  cmring' 
Um/emU, 

m 

On  the  discovery  of  Trilobites  iu  the 

Culm  shales  of  southeast  Devonshire. 
In  OeoL  Mag.,  deoade  8,  voL  1, 1884,  p.  534. 
PkOKpaia  M,  P.  minor,  P.  eUfordi,  P.  fHeu- 

lOfO. 

and  Jones  (T.  Rupert).    Notes  on 

the  phyllodiform  Crustacea,  referable 
to  the  genus  EdinooarUf  from  the  Pa- 
Inozoic  rocks. 

In  OeoL  Mag.,  deoade  8,  voL  1,  London,  1884, 
p.  898,  pL  13. 
(kratioearii. 

On  some  Palnozoic  Phyllopod  shields 

and  on  Nebalia  and  its  allies. 

In  OeoL  Mag.,  deoade  3,toL2,  London,  1880^ 
p.34B,pL9. 
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Woodvrard  (Heniy) — Continued. 

Notice  of  a  new  limnloid  Cmstaoean 

ftom  the  Devonian,  by  H.  S.  Williams. 
In  G«oL  Mag.,  decade  8,  toL  9,  London,  188B, 

p.  427. 

On  the  diacoveryof  Trilobiteein  the 

Upper  Green  (Cambrian)  slates  of  the 
Penrhyn  qaarries,  Bethesda,  near  Ban- 
gor, North  Wales. 

InQoart  Jour.  GeoL  Soo.  London,  vol.  44, 
1888,  p.  74,  pi.  e. 

Oonoeoryphe  viota  Wood. 

On  the  disoovery  of  Trilobites  in  the 

Upper  Green  (Cambrian)  slates,  etc., 

North  Wales. 

In  Sept.  57th  Meeting  Brit  Aaaoo.  Adr.  SoL, 
1887.  p.  808. 

Oonoooryph*  vioUt. 

• On  a  new  species  of  Eurffptenu  from 

the  Lower  Carboniferous  shale,  Esk- 
dale,  Scotland. 

In  Bept.  67th  Meeting  Brit  Aaaoe.  Adr.  Sol., 

1887.  p.  808. 

-^ —  See  Jones  (T.  Bnpert)  and  Wood- 
ward (Henry). 

^ —  See  Btheridge  (Robert)  and  Wood- 
ward (Heniy). 

"Worthen  (A.  H.)  Description  of  two 
new  species  of  Crustacea,  fifby-one  spe- 
cies of  mollusca,  and  three  species  of 
Crlnoids  from  the  Carboniferous  forma- 
tion of  Illinois  and  adjacent  States. 

In  Boll.  No.  2  State  Mna.  Nat.  Hist  Illinois. 
1884. 

CMpoearU  ehetUrensit^  Soknoearit  St,  LttdO' 

See  also  Meek  (F.  B.)  and  Wortfaen  (A.  H.) 

Toong  (J. )  Descriptive  notes  of  several 
new  and  rare  forms  of  Entomostraca. 

In  Tians.  GeoL  Soc.  Glasgow,  toL  5|  pt.  8, 
1877.  ^ 

• On   the   Silurian   strata   of  Pen- 

whapple  Glen,  near  Girvan. 
In  Proo.  Nat  Hist  Soo.  Glasgow,  toL  1,  pt  2, 

1888,  p.  171;  also  in  Proo.  Royai  Pbys.  Soa  Bdin- 
bnrgh,  toL  4, 1878. 

SoUnoearit  n.  g.  (not  Sofenoearis  Meek.). 

25eiiker  (J.  C.)  Beitrage  znr  Natnrge- 
sohichte  der  Urwelt.    Organische  Reste 


Zenker  (J.  C.) — Continued. 
(Petrefacten)  rus  der  Altenburger 
Braunkohlen-Formation,  dem  Blanken- 
bnrger  Quadersandstein,  jenaisohen 
bnnten  Sandstein  und  bobmischen 
Uebergangsgebirge,  mit  6  illnniinirten 
Kupfertafeln.    Jena,  1833. 

OUnu9  Umgieaudaiutt  O.  pyrantidtaUt,  O. 
lofia,  Otarion  n.  g.,  O.  di^^rmetum,  O.  f  sg«Mir« 
ftwum,  Oonoe&phqX^u  n.  g.,  C  eoaMtua,  .BO^pse* 
eepkalui  n.  g.,  E.  amJbigwu. 

The  genns  Otatitm  was  made  np  fh>m  the 
head  of  Oyj^iOtpU  hurtntitteri  Barr.,  coDneeted 
with  the  pygidiam  of  Oromma  beamanUi  Barr. 
The  second  species,  .described  as  OCarionf 
Bquarroaum,  is  referred  by  Joachim  Bamuide 
to  OhevrwTM  qu/tngtadi. 

J.  C.  Zenker  vses  two  generic  names  for  his 
new  genns  CbnoeepftoiiM ,  the  lirst  on  p.  48  in 
describing  the  genus  and  the  second  in  hia  de- 
scription of  plale  5,  where  he  calls  it  Trigowh 
ctphtAu$. 

Both  these  generic  terms  had  been  used  in 
natnral  history  for  other  genera,  the  drat  by 
Thumbnrg  in  1812  for  a  genns  of  the  Orthop- 
tera,  and  the  second  by  Oppel  in  1811  for  the 
BeptUes. 

The  typical  speeies  described  as  CKmoeepAolM 
softaftM-on  p.  49,  and  also  in  the  explanation  of 
pl«  6,  figs.  O-K,  p.  51,  and  as  Tri^onocephaluM 
eoHatua  in  the  description  of  pL  5,  giren  on  p. 
51,  has  been  referred  by  Joachim  Barrande  to 
an  amended  genus,  dmaeq^haJHsM  (Zenker) 
Barr.,  and  the  species  to  the  older  name  of 
tuUeri,  The  other  new  genus,  SUiptoeephalfU^ 
has  been  used  by  all  subsequent  authors. 

Zeno  (Franz).  Von  Seeversteinerungen 
und  Fossilien,  welchebei  Prag  zu  finden 
sind. 

In  Neue  phys.  Belnstigungen,  etc,  toL  1, 
1770,  p.  65.  Continued  same  toL,  p.  382,  pi.  1, 
flg.l. 

Under  the  names  of  Coeoda  or  KS^enawLt^tH 
Frans  Zeno  describes  the  pygidium  of  Dal- 
mofiitM  hautmanni  and  the  head  of  Phacopt 
latifr9n$. 

Zittel  (Karl  A.)  Handbnch  der  Palieon- 
tologle.  Vol.  2.  MUnchen  und  Leip- 
zig, 188l-'85,  p.  525. 

Zlppe  (F.  X.)  See  Sternberg  (Kasper 
Graf  von). 
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PART   II 


A  SYSTEMATIC  CATALOGUE  OF  AMERICAN  PALEOZOIC  CRUSTACEA. 

TRILOBITA. 

First  serits,  with  grooved  pleuree. 


Fbmfly. 


HariMdide... 


Reference. 


Kova  Actft  Pfaysico-Mcd.,  yolL  19,  p.  358.  Type, 
Harpet  maeroeephalut  Gold.,  Harpe*  un^pda 
Sternb.  Barrande.  Sjst.  Sil.  Bohftme,  voL  1,  p. 
347,pla.3-8. 


BAmopleurida). 


Geol.  Kept  Londonderry,  etc.,  p.  264.    Type,  Be- 
iMipUurideM  eolbii  Portlook. 


PandoxidaD.... 


Paradoxides  Brongntart,  1822. 

Anopolenna  Salter,  186A 

BatbynotnaHaU,  1860 

DlceUooepbalua  Owen,  1852... 


Mesonacis  Walooit,  1884 

Dolicbometopna  Angelin,  1854. . 

V 

Hydrooephalns  Barrande,  1846. . 


Olenellas  Hall,  1861 


BnU.  63^ 


OlenuB  Dalman,  1826 

Zaoantboides  Walcott,  1887 

ParaboUna  Salter,  1849 

Feltora  Milne-Edwarda,  1840 

CyoIognathnB  Linnarsson,  1875  . . . 


Hist.  Cmst  Fobs.,  p.  30.    Type,  ParcLdoxide*  tw 

tini  Brong. 
Geol.  Soc.  London  Joor.,  voL  20,  p.  236.    Type, 

AnopiAenuM  h&nrici  Salter. 
Thirteenth   Rept.  New  York  State  Cab.  Kat. 

Hist.,  p.  117.    Type,  Baih^fnotua  holopyga  HolL 
Bept.  Oeol.  Sorvey  WlBConsin,  Iowa,  and  Minne- 
sota, p.  573.  Type,  Dikelocepkalut  tninnesotentU 

Owen. 
Am.  Jour.  SoL,  3d  series, vol.  20,  p.  329.    Type,  OU- 

nufvermontana  Hall. 
Palseont  Scand.,  p.  72.     Type,  DoUehometopu 

meeieus;  Ang.  Palieont  Scand.,  p.  73,  pL  37, 

flg.9. 
Notice  PrWm.  Syst.  SiL  BohAme,  p.  18.    Type, 

Sydrocephaiui  earens  Barr.     Notice  Pr61im. 

Syst.  SU.  Boh6me,  p.  10. 
Fifteenth  Rept  New  York  State  Cab.  Nat.  Hist., 

p.  114.  Type,  CKen«ttte«  (Aompfoni  Hall.  Twelfth 

Rept.  New  York  State  Cab.  Nat  Hist,  p.  59, 

figure. 
Pahead.,  p.  56.    Type,  Olemu  gibbostis  Wahlen- 

barg. 
Am.  Jonr.  Sol.,  3d  series,  vol.  86,  p.  165.    Type, 

OUnoidet  ftpinotitt  Walcott 
Mem.  Oeol.  Survey  United  Kingdom,  decade  2. 

Type,  Olenut  gpinulota  Wahl. 
Hist  Nat.  Cmst,  vol.  3,  p.  344.     Type,  OUnva 

tcarabceoides  Wahl. 
Geol.  Foreningens  Stockholm  Forhandl.,  voir  2, 

No.  12,  p.  500.    Typo,  Oyclognathut  micropyguM 

Linnarsson. 
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First  series,  with  grooved pleurcB—Continiied, 


Family. 

Genera. 

• 

Reference. 

Paradoxides . . . 

Triartbrus  Green,  1832 

Mon.  Trilobit«e  Nortb  America,  p.  87.     Type, 

Triarthrus  beckU  Greon. 

Leptop]a«tna  Angelin,  1854 

Pala^oDt.  Scand.,  p.  46.  Type,  Lept^pUutuM  ateno- 
ttis  Angelin. 

Subgenera: 

1.  SphicropbtbalniQB  Angelln, 

Pala^ont.  Scand.,  p.  49.    Type,  Sphwrophthalmus 

1854. 

fiageUiJer  Ang. 

2.  Ctenopyge  Linnarsaon,  1880. 

Geol.  Foreningena  Stockfaolm  Forhandt.,  vol.  5,  p. 

145.  Type,  OUnut  {Sphasrophthalmu*)  pecten 
Salter. 

'                            1 

BoQOkia  Broseer.  1882.*...... 

Die  ailuriaohoD  Etagen  2  und  3,  p.  122.  TyiK>, 
BcecJda  hirtuta  Brogger. 

• 

Ceratopyge  Corda,  1847 

Prodr., p.  161.    Type,  OUnus/or/Umlar  Sirs. 

BohemillidcD 


Bohemilla  Barrande,  1872 


Syst.  Sil.  BobAme,  vol.  1,  SnppL,  p.  137..    Type, 
BohemiUa  stupenda  Barr. 


Conocorypbidtt? 


Atopa  Emmons,  1844 

Conooorypbe  Corda,  1847 

Ptychoparia  Corda,  1847 

Ctenocephalus  Corda,  1847 

Solenoplenra  Angelin,  1864 

Liostracoa  Angelin,  1854 

Anenacanthns  Angelin,  1854.... 

Anomocare  Angelin,  1854 , 

Angelina  Salter,  1847 

Agranlos  Corda,  1847 

Dorypyge  Dames,  1884 , 

Batby ur as  Billings,  1850 

Batbyarella  Billings,  1865 

Cbariocepbalus  Hall,  1863 

Corynexoobns  Angelin,  1854.... 

Ellipsooepbftlns  Zenker,  1833... 


Ptycbaapis  Hall,  1863 


Sao  Barrande,  1846. 


Taconic  System,  p.  20.    T>pe,  A  tops  trilineatns 

Emmons* 
Prodr.,  p. 23.    Type,  TrUobiU  suUeri  Sehlott. 
Prodr.,  p.  26.    T3'pe,  Conocephalug  striatna. 
Prodr.,  p.  26.      Type,    Ctenocephalus    barrandi 

Corda. 
PalRH>nt  Scand.,  p.  26.    Type,  SolenopUura  koUh 

metopa  Ang. 
Palsont.  Soand.,  p.  27.    Type,  lAostracus  ttcuUtt- 

tus  Angelin. 
Pala?ont.  Scand.,  p.  6.    Type,  Aneuacanthus  aeur 

tangiUus  Ang. 
Palfcont  Scand.,  p.  24.    T^'pe,'  Anomooare  aeulea- 

tut  Angelin. 
Mem.  QeoL  Snrvey  United  Kingdom,  deoadexL 

Type  AnffeliiM  sedgtifieki  Salter. 
Prodr.,  p.  26.    Agratdu*  oertieephalus  Barr. 
Cbina  (Ricbtbofen),  vol.  4«  p.  23. 
Canadian  Naturalist,  yol.  4.  p.  364.  Type^  Asapkus 

extansBiaXL. 
Pal.  Foss.,  Tol.  1,  p.  262.    S.  tnargifuUtss,  B,  niti 

dus,  B.  expafisus  Billings. 
Sixteentb  Bept  New  York  Stote  Cab.  Nat  Hiat, 

p.  175.    Type,  Ohanocephalus  whitfieUU  Hall. 
Palffiont.  Scand.,  p.  50.  Type,  Oorynexochusspmu- 

lota  Ang. 
Beitrftge  Nat  Urwelt,  p.  31.     Type,  BUipaoee- 

phalua  ambiguut  ZmkoT=^ElHpaMephatua  hofi 

Sclilott. 
SixtoenUi  Kept.  New  York  State  Cab.  Nat  lliat, 

p.  170.    Type,  Dikdocephalua  tninitettnait  Owen. 
Notice  Pr61im.  Syst  Sil.  BobAme,  p.  13.    Type, 

StM  hirauta  Barr. 
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Family. 

Genera. 

Reference. 

Pioetidn 

ProetuB  Steinineer.  1831 

M6in.  See.  G60I.  Franco,  vol.  1,  p.  355.    Type, 

Proetut  cucieri  Steininger. 
ZeitHohr.  Deutach.  geol.  Geeell.,  Berlin,  toI.  32,  p. 

703.    Type,  Deehenella  vemeuiU  Barr. 
Prodr.,  p.  121.     Typo,   Prxotkopeltes  polydorus 

Corda. 
Annals  Mag.  Nat.  Biat.,  1st  series,  London,  vol. 

20,  p.  229.    Type.  FhiUipHa  maccoyi  Portlock. 
Org.  Trilobiten  (Bay  Soc.  Ed.,  p.  98).    Phaeopg 

certophthdlma  Gold. 
Syst  Sil.  Boh6me.  vol.  1,  p.  494.    Arethutina  ko- 

ninekiBart^   <■ 
UnterHocb.  Trilobiten,  p.  34v     Type,  Barpidta 

Aofpec  Beyriob. 
Syst.  8iL  Bob6me,  vol.  1,  snppL,  p.  19.    Type,  Osr- 

mon  m%iUUu8  Barr. 
Kept.  22d  Meeting  Brit.  Assoc.  Adv.  Scl.,  Trans. 

Sec. ,  p.  95.    Type,  Cyphonuexu  tocialis  Salter. 

Dech^mella  Kavaer.  1880 

• 

PrionopeltiB  Corda,  1847  (Photon 

Barr.,  Pheethonides  .^ngelin). 
Brachymetopus  McCoy,  1847 

Cypbaapia  Bunneister.  1843 

ArethaBina  Barrande,  1852 

Harpides  Bevrioh.  1846 

Cannon  Barrande,  1872 

Cyphoniscna  Salter,  1852 ' 

PhinifMidaD.... 

• 

FhiUipainella  NovKk,  18«5 

FhillipfliaPorUock,  1843 

GrlffithidesPorUock,  1843 

Sitsnngsbe.  rbf^hm.  Gesell.  Wias. ,  1885.    Antbor's 

edition,  p.  4.     Type,   PhiUiptineUa  parabola 

Barr. 
Geol.  Kept.  Londonderry,  etc.,  p.  305.     Typo, 

PhiUipiia  keUi  Portlock=AfapftiM  gemtMU^era 

PhUlips. 
GooL  Kept.  Londonderry,  etc.,  p.  310.     Type, 

QriJUhid€M  longieepi  Portlook. 

Oalmanitide  .. 

Phaoops  Emmrich,  1838 

Dalmanitea  Emmricb,  1844 

Coronnra  Hall  Sc  Clarke,  1888 

CrvDhenii  Green.  1M7  ..-.- 

De  Trilob.,  etc.,  p.  18.     Type,  Phacopi  lati/ront 

Bronn. 
Znr  Nat.  Trilobiten,  etc.,  p.  15.    Banmndo's  Syst. 

SiL  Bobdme,  vol.  suppl . ,  p.  27.    Type,  DcUmani' 

tes  eaudata  Briinnicb. 
PaL  New  York,  voL  7,  p.  xxxii    Type,  Coronura 

aspectens  Conrad. 
Am.  Jour.  Sci.,  1st  series,  vol.  82,  p.  343.    Type, 

OryphcBUi  boothi  Green. 
Annals  Nat.  Hist..  2d  sAriea.  voL  4 :  also  Contrib. 

Chaamops  McCoy.  1840 

to  Palaeont,  p.  143.     Type,   Oatymene  odini 
Eicbwald. 

Caljin«iiidaD... 

Calymene  Biongniart,  1822 

Homalonotoa  Koenig,  1825 

BavariUa  Barrande.  1868 

Grnst  Fobs.,  p.  IL    Type,  Oalynune  tubereviata 

Briinnicb. 
Icones  Foss.  Sectiles,  p.  7.    Type,  JSomdUmotut 

knighti  Koenig. 
Faane  Sil.  des  environs  de  Hof  en  Bavidre,  p.  75. 

Type,  BavariUa  ho/ensie  Barr. 

XJchasidA 

Lichaa  Dalman,  1826 

Palffiad.,  p.  53.    Type,  ZicAoj  laciniatua  Wiribl. 

w^^ 
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(BULUtS. 


Family. 

Genera^ 

Refennoe. 

TrinuoleidfB ... 

TrinacleaB  Lhlwyd.  1698  (Cryptn- 

lithuB  Green,  1832). 
▲mpyx  Dalnuui,  1826. 
Dionidfls  BarraDde.  1847  >,*..««.... 

HnrchiBon^s  Silorian  Syst,  1839.  p.  659.     Type. 

TrinueUu*  ftmbriatus, 
Pal»ad.,  p.  53.    Type,  Ampyx  na«t4to  Palman. 
Neaes  Jahrb.  fdr  Mineral..  1847,  pt.  4,  p.  391 ;  Syat. 

Sil.  Boh6me,  voL  1,  p.  540.    Type,  Dionidm  /vr- 

mofa  BaiT. 
Mem.  GeoL  Surrey  United  Kingdom,  decade  zl, 

pL  7,  p.  L    Type,  SdUeria  pnnueoa  Thomaon. 
PaL  Foes.,  nA,  1,  p.  93.    Type,  .Sn(Zyminui  mMH 

Billings. 

• 

Subgenera : 

1.  <SaZ(ma  Thomson,  1864...... 

2.  JBndvminMr  Billinga,  1862. . . 

JBglittide 

iEirlina  Barrande.  1852.. 

Syst.  SiL  Bohdme.  vol.  1,  p.  663.    Type,  ^s^ma 
rediviva  Barr. 

nimnnriilm  . . 

TllffiDnran  Fall.  IW? 

Sixteenth  Kept  New  York  State  Cab.  Nat  Hist, 
p.  176.    Type,  lUemurm  quadratu$  Hall.            i 

AsaphidflD 

Asaphos  Brongniart,  1822 

Plydunnfge  Aneelln.  1834  . . . .- 

Craat  Foes.,  p.  17.     Type,  A$aphua  eaepantut 

Wahl.  . 
^alasont  Scand.,  p.  51.    Tyjie,  Ptyehopyge  appO' 

nataAjxg, 
Mon.  Brit.  Tiilobitea,  p.  167.   Type,  Asapkus  rteU- 

front  Fortlock  and  Atapkvu  Uevigatu*  Angelin. 
Paleont.  Scand.  ,.p.  15.    Type,  MegaUupia  ffigaa 

Angelin. 
Crast  Foss.,  p.  26.    Type,  Ataphus  InieH  Brong. 
Annals  Nat  Hist.,  2d  iieriea,  voL  4,  p.  409.    Type, 

Barrandia  eordai  McCoy. 
Palieont  Scand.,  p.  13.    Type,  Asapkue  frDntaUt 

Dalman. 
Quart  Joor.  GeoL  Soc.  London,  voL  83,  p.  663. 

Type,  AaaphMut  homfrayi  Salter. 
PalsMd.,  p.  49.    Type^  KiUua  armadiXlo  Dslman . 

Biaohyaspia  Salter,  1866 

MesalasDia  Aoeelln.  1852 

OsTSia  Bronimiart.  1822 

Barrandia  McCoy.  1849 

Xiobe  AnselixL  1852 

Aaaphellna  Callaway,  1877 

Nileua  Dalman.  1826 

Seeond  eeriee,  with  plane  pleurcB, 


Styginidn 

Styginla  Salter.  1853 

Kept.  22d  Meeting  Brit  Assoc.  Adv.  Sci.,  p.  S6. 
Type,  Styginia  UUifront  Portlook. 

Hlnnide 

Tllff^qxni  Dalman,  1826 ...  ^ .....  ^    . 

Palnad.,  p.  51.  Type,  lUemtu  crauicQ/uda  Wahl. ; 
Nova  Acta  Beg.  Soc.  Sci.  Upsal.,  voL  8,  p.  27,  pL 

2,  figs.  3,  5,6.    (Not  pL  7»  figs.  6,  6s/aant(f 

umarki.) 

Dysplanus  Bnnneister,  1 843 

Organisation   Trilobites,  p.  105  (Ray  Soc.  Xd. 

^ 

y 

1846).    Type,  Dytplanu*  eentroltu  Dalm. 

Bnmastns  Marohison,  1639 

Sil.  Syst.,  p.  656.  Type,  Bumattut  barritnait 
March. 

Panderia  Y  olborth,  1868 

M6m.  Acad.  Soi.  S&.-P6tersboarg,  7th  series,  vol.  6, 
No.  2,  p.  31.    Type,  Panderia  triquetra  Volb, 

■^ 
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Family. 

Genera. 

Eeference. 

Aeidaspids — 

Aeidaapis  Miirohiiioii«  1839  {Odon- 
topUura  Emmriob,  1880). 

Silnrian  System,  p.  558.    Type,  AeidatpiM  MghHi 
March. 

CennridiB 

Ceraxiras  Oreen,  1832  (OhHturui 

Beyrich,  1845). 
Splllrexoobaa  Beyiich,  1845 

Areia  Barrande,  1872 

Hon.  Trilobites  N.  A.,  p.  83.     Type,  (kraurui 

pUureseanthemui  Green. 
TJeber  einige  bSbm.  Trllobiten,  p.  19.  Tjpe,  Spha- 

repeoehta  mirut  Beyrlcb. 
Syst  SiL  Bobdme,  roL  1,  sappL,  p.  flC  Type,  Artia 

bohmHieaBAn. 
Syst  Sil.  Bobdme,  toL  1,  p.  814.    Type,  DeipKon 

forbesi  Barr. 
Prodr.,  p.  128.    Type,  Plaeoparia  zippi  Boeck. 
Syst  Sil  Bob6me,ToI.  1,  p.  810.    Type,  Stawo- 

eephalut  murehisoni  Barr. 
GeoL  Mag.,  decade  2,  vol.  7,  p.  97.    Type,  Owyeth 

pyge  Uf>er»idge%  Woodward. 

DeiDhon  Barrande.  1852.. 

Placoparia  Corda.  1847 

Stanrocepbalas  Barrande,  18S2 

Onycopyge  Woodward,  1880 

AmphionidfD . . 

• 

Amphfon  Pftndflr.  1850. ........... 

BeitrMge  Geog.  Rassischen  Reicbea,  p.  439.    Type, 

A  mphion  fiteheri  Eicbwald. 
Syst  Sil.  Bobdrae,  vol.  1,  p.  821.  Type,  Cromtuin- 

Urcottatut  Barr. 

Cromoa  Barrande.  1852 ........... 

Eocrinnrida... 

Bnorinnrna  Emmrioh,  1844  (Cryp- 

tonymna  Eiohwald). 
CvbeleLoven.  1846 

Zar  Nat.  Trllobiten,  p.  16.    Type,  TrUobut  pune- 

tattta  Briinniob. 
Svenakfi  Akad.  Forbandl.,  1845,  p.  110.    Type^ 

Caiymene  beUatuXa  Balman. 
Prodr.,  p.  119.    Tyi>e,  IHndyment  frtderieo-wa- 

gutti  Corda. 

Dindyxnene  Corda.  1847 • 

Brontldaa  ..:... 

Brontena  Goldf oas,  1843 

Beitr&ge  Petrefaot.,  Nova  Acta  Pbyaioo-Med., 
vol.  19,  p.  380.    Typp,  Bronte*  JtabtOifer  Gold. 

Foutth  aeriee. 


Aipioatide. 


Agnostaa  Brongniart,  1822... 
Sbumardia  Billings,  1862 


Microdisoaa  Emmona,  1856. 


Hist.  Crust  Eoss.,  p.  38.    Type,  Agnottui  piii- 

formii. 
PaL  Foss.,  voL  1,  p.  92.    Type,  Shumardia  granu' 

loia  Billings. 
Am.  Geology,  vol.  1,  pt  2.  p.  116.    As  defined  by 

Cbas.  D.  Walcott,  1886.    Type,  M.  punetatUM 

and  M.  tpeeionu. 
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ICarrent  names  are  printed  in  bold  face  type;  synonyms  in  ItaKe.] 

Aoantkoloma  Conrad,  1840;  3d  Annual  Kept.  Pal.  Dept.  New  York  Geol.  Survey, 
p.  206.    (SeoAcidaapis.) 

»pino»a  Conrad.    (See  Acidaapia  tuberctilatna.) 

Acidaapia  Murchison,  Silurian  SyBtenii  1B39,  p.  658. 

Type,  Acidaspis  hrighiii  Mnrch.,  Sil.  Syst.,  p.  658,  pi.  14,  figs.  10, 15. 
Syn.y  Ceratocephala  Warder,  1838;  Am.  Jour.  Sci.,  Ist  series,  vol.  34,  p.  377. 
Odontopleura  Emmricb,  1839;  De  Tril.,  p.  53. 

Arge8  Qoldfuss  (in  part),  Neues  Jahrbuch  fUr  Mineral.,  1843,  pp.  544,556. 
Polyeris  Rouanlt,  1846;  Bull.  Soc.  G6ol.  France,  vol.  4,  p.  320. 
SelenopeUis  Corda,  1847 ;  Prodr.,  p.  34. 
Trapeloeera  Corda,  1847 ;  Prodr.,  p.  158. 

JHscranurui  Conrad,  1841 ;  5tli  Ann.  Rept.   Pal.  Dept.  New  York  Geol. 
Survey,  p.  48. 

anchoralia  Miller,  1875;  Cincinnati  Quart.  Jour.  Sci.,  vol.  2,  p.  349,  figs.  2-4. 

Hudson. 
armatua,    (See  Acidaapia  exlopa.) 

oallicera  Hall,  1888;  Pal.  New  York,  vol.  7,  pp.  69,224,  pi.  16  b,  figs.  1-^. 

Upper  Helderberg. 

lCtratocephala'\  ceralepta  Anthony,  1838;  Am.  Jour.  Sci.,  Ist  series,  vol.  34,  p. 

379,  figs.  1,2.  Hudson. 

— :-  oeralepta  Meek,  1873;  Pal.  Ohio,  vol.  1,  p.  169,  pi.  14,  figs.  8-9. 

ceralepta  Miller,  1874;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  130. 

cinoinnatienBia  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  167,  pi.  14,  fig.  3.  Hudson. 

cincinnatienaia  Miller,  1874;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  130. 

ICeraurut']  croaotua  Locke,  1842;  Am.  Jour.  Sci.,  1st  series,  vol.  44,  p.  347,  fig. 

Hudson. 
croaotua  James,  1871 ;  Catalogue  Fossils  Cincinnati  Group,  p.  14. 

oroaotua  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  165,  pi.  14,  fi^s.  10  a,  b. 

croaotua  Miller,  1874  ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  129. 

danai  Hall,  1862 ;  Geol.  Wisconsin,  vol.  1,  p.  432.  Niagara. 

Syn.,  AdtUupis  ida  (Winchell  and  Maroy)  Hall,  20th  Rept.  New  York  State  Cab. 
Nat.  Hist.,  p.  389. 
danai  Hall,  1867;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  333,  pi.  21, 

figs.  8,  9. 
danai  Hall,  1870 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  423,  pi.  21,  figs, 

8,  9(rev.  ed.). 
[TerataepW]  eriopa  Hail,  187(1;  Hlus.  Devonian  Foss.  Crust.,  pi.  19,  figs. '4-7, 10, 

11,  12.    (See  Lichaa  (ConoUohas)  eriopa  Hall.) 
fimbriata  Hall,  1879;  Description  of  New  Species  from  the  Niagara  Group,  p. 

20.  Niagara. 
fimbriata  Hall,  1882;  Trans.  Albany  Inst.,  vol.  10,  p.  76. 
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Acldaspia  fimbriata  Hall,  1883;  lltli  R«>pt.  Geol.  Nat.  Hist.  Indiaua,  p.  334,  pi.  33, 

tig.  11. 
ITeratMpia']  graudis  Hsill,  1870;  Illus.  Devonian  Koss.  Crust.,  pi.  17,  figs.  1-8; 

pi.  18,  figs.  1-4.     (See  Lichaa  (Terataspia)  grandia  flail.) 
halli  Shumard,  ISoG ;  1st  and  2d  Rept.  Geol,  Siirvej'  Missouri,  pt.  2,  p.  200,  pL  B, 

figs.  7  a,  b,  c.  TrentOD. 
IDiacranurus]  hamata  Conrad,  1341;  5tli  Ann.  Rept.  Pal.  Dept.  New  York  GeoL 

Survey,  p.  48,  pi.  1,  fig.  1.  Lower  Helderberg. 
IDiscranurus']  hamata  HaU,  1862;  15tli  Rept.  New  York  State  Cab.  Nat.  Hwt., 

pi.  2,  fig.  1.    Republicatiou  of  pi.  2,  5th  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 
'  Survey. 

hamata  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  371,  pi.  79,  figs.  15-19. 

hamata  Meek  and  Wortben,  1868 ;  Geol.  Survey  Illinois,  vol.  3,  p.  :i90,  pi.  7,  Ag.  17. 

horanl  Billings,  1857 ;  Geol.  Survey  Canada,  p.  341.  Trenton. 

horani  Billings,  l&VS;  Geol.  Survey  Canada,  p.  190,  fig.  190. 

iila  Wincbell  and  Marcy,  1865;  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  1,  p.  106,  pl.  3, 

fig.  13. 

o'nealli  Miller,  1875;  Cincinnati  Quart.  Jour.,  vol.  2,  p.  86,  ^g.  9.  Hadaon. 

ortonl  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  90,  pl.  8,  fig.  1. 

parvula  Walcott,  1877 ;  Advanced  sheets  31  st  Rept.  New  York  State  Mas.,  p.  16. 

Trenton. 

parvula  Walcott,  1879 ;  Slst  Rept.  New  York  State  Mus.,  p.  69. 

romingeri  Hall,  1888;  Pal.  New  York,  vol.  7,  pp.  71.224,  pl.  16  b,  figs.  15-18. 

Hamilton. 
spin  iger,    ( See  BathyuniB  spinlger. ) 

trentonensis  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  240,  pl.  64,  figs.  4  af. 

Tisenton. 

trentonenaia  Emmons,  1855 ;  American  Geology,  vol.  1,  pt.  2,  p.  216,  ^g,  73. 

tuberculatUB  Conrad,  1840 ;  3d  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Survey, 

p.  205.  Lower  Helderberg. 

Syu.,  Acantholoma  Conrad,  1840;  3d  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Sur- 
vey, p.  205,  fig.  3. 
Acantholoma  spinoaa  Conrad,  4th  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 
Survey,  p.  39,  pl.  1,  fig  3. 

tuberculatus  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  368,  pl.  79,  figs.  1-14. 

tuberculatus  Hall,  1861 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., pl. 2,  fig.  3, 


Aciinurus  Do  Castelnan,  1843;  Sil.  Syst.  de  VAm6r.,  p.  21.    (See  Lichas  boltonL) 
AglaspiaHall,  1862;  Canadian  Naturalist,  vol. '7,  p.  445,  figure.    Hall,  1863;  16th 
Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  181. 
Type,  Aglaspis  harrandi  Hall. 

barrandl  Hall,  1863;  16tb  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  181,  pl.  11, 

figs.  7-16.  Potadam. 

eatoni  Whitfield,  1880 ;  Ann.  Rept.  Geol.  Survey  Wisconsin,  p.  52.        Potsdam. 

eatoni  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  192,  pl.  10,  fig.  11. 

Agnoatua  Brongniart,  1822;  Hist.  Nat.  Crust.  Foss.,  p.  38. 
Type,  Agnoaius  pisiformiSy  idem.,  p.  38,  pl.  4,  figs.  4  a,  4  b. 
Syn.,  Batiua  Dalman,  18*^;  PaJroad.,  p.  33. 

Trinodua  McCoy,  1846;  Sil.  Foss.  Ireland,  p.  56. 
PhaJatroma  Corda  (in  part),  1847 ;  Prodr.,  p.  158. 
Meaoapheniacua  Corda,  1847 ;  Prodr.,  p.  46  {Agnoatua  integer). 
Diplorrhina  Corda,  1847 ;  Prodr,,  p.  46. 
Condylopyge  Corda,  1847;  Prodr.,  p.  50  (Agnoatua  rex). 
Lejopyge  Corda,  1847;  Prodr.,  p.  51  {Agnoatua  Iwvigatua), 
Arthrorhachia  Corda,  1847;  Prodr.,  p.  114  {Agnoatua  tardus). 
Peronopaia  Corda,  1847;  Prodr.,  p.  115  (Agnoatua  interger). 
Pleurootenium  Cordtiy  1847;  Prodr.,  p.  116  (Agnoatua  granulatus). 
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AgnoBtus  acadlcus  Hartt,  1868 ;  Acadian  Geology,  p.  655, fig.  229 (3d  ed.).    St.  John. 
-  Syn.,  SimittB  Hartt,  1868;  Acadian  Geology,  p.  6r>()  (3d  ed.)- 

Similis  Hartt  (Walcott).  1884 ;  Bull.  U.  S.  Geol.  Snrvey,  No.  10,  p.  22.  • 
acadicus  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  22,  pi.  2,  figs.  2, 2 

a,  c. , 

americanaa  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  302,  fig.  1.        Qaebeo. 

• americaniia  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  395,  fig.  372. 

bidena  Meek,  1873 ;  6th  Ann.  Rept.  U.  S.  Geol.  Survey  Territories,  p.  463. 

Potsdam. 
bidena  Walcott,  1884;  Pal.  EarekaDist.,Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  26, 

pi.  9,  figs.  13,  13  a. 

oanadenBia  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  304,  fig.  3.         Qaebeo. 

canadenaia  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  397,  fig.  374. 

coloradoensia  Shumard,  1861 ;  Am.  Jour.  Sci.,  2d  series,  vol.  32,  p.  218. 

Potsdam. 
commtmia  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  228, 

pi.  1,  figs.  28,  29.  Potsdam. 

communia  Walcott,  1884;  Pal.  Enreka  Dist.,  Mon.  U.  S.  Geol.  Snrvey,  vol.  8, 

-  p.  27. 
diaparlia  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  179,  pi.  10, 

figs.  25-27.  Potsdam. 

fabiua  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  298,  fig.  289.  Quebec. 

glabba  Billings,  1865 ;  Pal.  Fo8«.,  vol.  1,  p.  297,  fig.  288.  Quebec. 

interatrictUB  White,  1874;  Prelim.  Rept.  Invert.  Foss.,  p.  7.  Potsdam. 

interatrictUB  White,  1877 ;  U.  S.  Geog.  and  Geol.  Survey  W.  100th  Meridian,  p. 

38,  pi.  2,  figs.  5  a,  5  b. 
interatrictUB  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  149,  pi.  16, 

figs.  6,6  a. 

interatrictUB  Walcott,  1888 ;  Am.  Jour.  Sci.,  3d  series,  vol.  36,  p.  166. 

sp.t  Rorainger,  1887;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  18. 

joaepha  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  178,  pi.  6, 

figs.  54, 55.  Potsdam. 

•^ —  lohatus  Hall.    (See  Microdiacua  lobatua.) 

maladenaia  Meek,  1873 ;  6th  Annual  Rept.  U.  S.  Geoh  Survey  Territories,  p.  464. 

Calciferous. 
neon  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  229,  pi.  1, 

figs.  26,27.  Potsdam. 

neon  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  27. 

nobilia  Ford,  1872 ;  Am.  Jour.  Sci.,  3d  series,  vol.  3,  p.  421,  figs.  1, 2.       Postdam. 

nobillB  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  150,  pi.  16,  fig.  7. 

orion  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  304,  fig.  2.  Quebec. 

orion  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  397,  fig.  393 

orion  Shumard,  1863 ;  Trans.  Acad.  Sci.  St.  Louis,  vol.  2,  p.  105. 

parillB  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  179,  pi.  11,  figs. 

2.3,24.  Potsdam. 
prolongUB  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,;  p.  230, 

pi.  1,  figs.  30, 31 .  Potsdam. 

prolongfUB  Walcott,  1884  ;  Pal.  Enreka  Dist.,  Mon.  U.  S  Geol.  Survey,  vol.  8,  p.  28. 

richmondensia  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol. 

8,  p.  24,  pi.  9,  fig.  10.  Cambrian. 
aecluruB  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  25, 

pi.  9,  fig.  14.  Cambrian. 

HmilU  Hartt.    (See  Agnoatua  acadicua.) 

tumidoaua  Hall  and  Whitfield,  1877;  U.  S.  GeoL  Expl.  40th  Par.,  vol.  4,  p.  231, 

pi.  1,  fig.  32.  Potsdam. 
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Agrauloa  Corila,  1847;  Prodr.,  p.  23. 

Type,  AnonvUus  ceriicephalu^  Barraude. 

Syn.,  Ar'ion  Barrando,  1846;  Notice  Prelim.,  p.  13. 

Ellipsocephalua  Barrande,  1846 ;  Notice  PriiSlim.,  p.  12  (not  ElUpaooepkaliu 

Zenker)  or  (Elliplocephalus  Emmons). 
ArionellM  Barrande,  1852;  Syst.  Sci.  Bob^me,  p.  404. 

affinis  Billings,  1874 ;  Pal.  Foss.,  vol.  2,  p.  72.  Potsdam. 

aflSnia  Matthew,  1886 ;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  153,  figs,  2, 2  a,  b. 

lAriovellua']  bipunctatua  Shnmard,  1863;  Trans.  Acad.  Sci.  St.  Lonis,  vol.  2,  p. 

101.  Potsdam* 
lArioneUus'i  bipunctatua  Hall,  1863;    16th  Rept.  New  York  State  Cab.  Nat. 

Hist.,  p.  169,  pi.  7,  figs.  50-57. 
[Arionellus  {Agraulo8)'\  convexua  Whitfield,  1878;  Ann.  Rept.  Geol.  Sorvey 

Wisconsin,  1877,  p.  57.  Potsdam. 
lArionellU8']  convexua  Whitfield,  1882;   Geol.  Wisconsin,  vol.  4,  p.  190,  pi.  1, 

fig.  17. 
lArionellue'i  oylindricua  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  314,  fig. 

14.  Qnebeo. 
[Arionellua]  cylindricua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  406,  fig.  385.     (See 

Ptychaapia  cylindricua.) 
?  globoaua  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  61,  pi.  9,  fig.  23.  Cambrian. 

oweni  Meek  and  Hayden,  1861 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  1861,  p.  436. 

Potsdam. 
The  species  was  also  referred  to  the  genera  ArioneUas  and  Crepicephalua, 
lAriouellua']  oweni  Meek  and  Hayden,  1862;  Am.  Jour.  Sci.,  2d  series,  vol.  33, 

p.  74. 
— —  lArionellua']  oweni  Meek  and  Hayden ;  Pal.  Upper  Missouri,  p.  9,  figs,  a,  b,  o, 

pi.  1,  hg,  4. 
Referred  by  Walcott,  1884,  Pal.  Enreka  Dist.,  Mon.  U.  S.  Geol.  Survey,  voj. 
8,  p.  55,  pi.  10,  to  Ptychoparia  oweni, 
lArionellua  {Bathyurus)'^  planua  Shumard,  1861 ;  Am.  Jour.  Sci.,  2d  series,  vol. 

32,  p.  219.  Potsdam. 
[Arionellua]  puatulatua  Walcott,  1877;  Advanced  sheets  31st  Rept.  New  York 

State  Mas.  Nat.  Hist.,  p.  15.  Chazy. 
[Arionellua']  puatulatua  Walcott,  1877;  3l8t  Rept.  New  York  State  Mus.  Nat. 

Hist.,  p.  68. 
lArioneUus']  quadrangularia  Whitfield,  1884 ;  Ball.  Mus.  Nat.  Hist.  New  York, 

vol.  1,  p.  147,  pi.  14,  fig.  8.  Potsdam. 

quadrangularia  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  48,  pi.  7,  fig.  1. 

aocialia  Billings,  1874;  Pal.  Foss.,  vol.  2,  p.  71,  fig.  40.  Potsdam. 

aocialia  Matthew,  1886;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  151,  fig.  1,  1  a,b. 

atrenuua  Billings,  1874 ;  Pal.  Foss.,  vol.  2,  p.  71,  fig.  41.  Potsdam. 

atrenuuB  Matthew,  1886 ;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  153,  figs.  3,  3  a,  b. 

auhclavaius  Billings.    (See  Ptychaapia  aubclavatua.) 

lArionellua  {Bathyurua)^  texanua  Shumard,  1861 ;  Am.  Jour.  Sci.,  2d  series,  vol. 

32,  p.  218.  Potsdam. 

— ^  [  Jnofi(;l{{i9]tripuiictatU8  Whitfield,  1876;  Rept.  Recon.  Upper  Missouri,  p.  141, 

pi.  1,  figs.  3-5.  Potsdam. 

— ^  [J$at/(j/tirtwf]  wooateri  Whitfield,  1878;  Ann.  Rept.   Geol.  Snrvey  Wisconsin, 

1877,  p.  56.  Pot^am. 
[Ba(^jnirti«f]  wooatexi  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  189,  pi.  1, 

figs.  19-21. 
Amphion  Pander,  1830 ;  Beitrage  znr  Geol.  russischen  Reiches,  p.  139. 
Type,  Amphion  fiacheri  Eichwald. 
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Amphiou  barraudi  Billiiiffs,  18G5;  Pal.  Foss.,  vol.  1,  ]>.  28S,  fig.  277.  Quebec. 

canadensis  Billings,  1851);  Can.  Nat.,  vol.  4,  p.  381,  fig.  1'2,  a,  b.  Chazy. 

canadensis  Billings,  186:? ;  Geol.  Survey  Camwia,  p.  i:J3,  fig.  69. 

canadensis  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  288,  fig.  278. 

convexus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  322.  •  Quebec. 

insnlaris  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  290.  Quebec. 

juUus  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  290,  fig.  279.  Quebec. 

matatina  Hall,  1863 ;  16th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  222,  pi.  5  a, 

fig.  6.  Potsdam. 

multUegmentatus.    (See  Encrinums  multisegmentatiis.) 

nevadensis  Walcott,  1884 ;  Pal.  Eureka  Dist.  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

94,  pi.  12,  fig.  13.  Pogonip. 

salteri  Billings,  1861 ;  Canadian  Naturalist,  vol.  6,  p.  322,  fig.  6.        Calciferons. 

salteri  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  352,  fig.  399. 

westoni  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  321,  fig.  307.  Quebec, 

Ampyz  Dalman,  1826;  Paliead.,  p.  53  (German  edition). 

Type,  Ampyz  naauta  Dalman. 
americanus  Safford  and  Vodges,  1889 ;  Proc.  Phila.  Acad.  Nat.  Sci.,  p.  166, 

figure.  Trenton. 

haUi  Billings,  1861 ;  Pal.  Foss.,  vol.  1,  p.  24,  figs.  25,  a,  b,  c.  Chazy. 

halli  Billings,  1862 ;  Geol.  Survey  Vermont,  vol.  2,  p.  959,  fig.  365. 

laBvinsculus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  295,  fig.  285.  Quebec. 

nonnalls  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  295,  fig.  286.  Quebec. 

-- —  rustilins  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  296.  Quebec. 

semiooBtatiis  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  297,  fig.  287.  Quebec. 

Angelina  Salter,  1864 ;  Mem.  Geol.  Survey  United  ElDgdom,  decade  xi,  pi.  7. 

Type,  Angelina  aedgwioki  Salter. 
hitcbcocki  Wbitfield,  1884;  Bull.  Am.  Mus.  Nat.  Hist.,  New  York,  vol.-l,  p. 

148,  pi.  14,  fig.  13.    (SeeProtypushitchcocki)  Potsdam. 

Anomooare  Angelin,  1852 ;  Palseont.  Scand.,  p.  24. 

Type,  Anomocare  aculeatus  Aug.,  pi.  18,  fig.  6. 
[f  Conoceph.'i  depreasus  Shumard,  1861 ;   Am.  Jour.  Sci.,  2d  series,  vol.  32,  p. 

219.  Potsdam. 
ILonchoeephus']  hamulus  Owen,  1852;  Geol.  Survey  Wisconsin,  Iowa,  and  Min- 
nesota, p.  576,  pi.  la,  figs.  8-12.                                                                 Potsdam. 
uudet.  Trilobite,  Owen,  1848;  Geol.  Reconnoissance  Cbippewa  Land  Dist.,  p. 

15,  pi.  7,  fig.  5. 

iConocephalites'i  hamulus  Shumard,*  1863;  Acad.  Sci.  St.  Louis,  vol.2,  p.  104. 

[Conocephalitea]  hamulus  Hall,  1863;  16tb  Kept.  New  York  State  Cab.  Nat, 

Hist.,  p.  166,  pi.  7,  figs.  43, 44 ;  pi.  8,  figs.  25, 26. 

hamulus  Dames,  1884  ;  China  (Richthofen),  vol.  4,  p.  24.. 

[Conocephaliies']  patersonl  Hall,  1863;  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 

159,  pi.  7,  figs.  45,  46.  Potsdam. 

patersoni  Dames,  1884 ;  China  (Richthofen),  vol.  4,  p.  24. 

?  parvum  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

59,  pi.  9,  fig.  17.  Cambrian. 
?  parvum  Walcott,   1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  209,  pi.  25, 

fig.  1. 
ICrepicephalutfi  wisconsensis  Owen,  1852;   Rept.  Geol.  Survey  Wisconsin, 

Iowa,  and  Minnesota,  pi.  1,  fig.  13.    (The  upper  figure  only ;  the  other  figured 

specimen  belongs  to  Dikelocephalua  granulosus. ) 
lCrepicephalu8'\  wisconsensis  Shumard,  1863;  Trans.  Acad.  Sci.  St.  Louis,  vol. 

2,  p.  103. 
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Auomocare  [  Cr0picepAa7ii«]  wiaconsenaiB  Hall,  1863;  16tfa  Kept.  New  York  State 
Cab.  Nat.  Hist.,  p.  164.  pi.  7,  figs.  39-41 ;  pi.  8,  tigs.  22,23,24,27,28. 
8yD.,  Dikelocepkalus  la<</roit«  (Sbumard)  Hall,  1863;  16th  Kept.  New  York  State 
Cab.  Nat.  Hist.,  p.  165,  pi.  7,  fig.  40. 

wiaconsenaiB  Dames,  1884;  China  (Kichthofeu),  vol.  4,  p.  24.  Potsdam. 

Anopolenus  Salter,  1864 ;  Qeol.  Mag.,  vol.  1,  p.  236. 

Type,  Anopolenus  Aeiirtoi  Salter ;  Qaar.  Jour.  Geol.  Soc.  London,  vol.  20,  p.  236,  pL 
13,  6g8. 4, 5.  (See,  also,  Anopolenutf  salteri  Hicks;  same  joamal,  voL 
21,  p.  478,  pi.    ,  fig.  1. 

venustUB  Billings,  1874 ;  Pal.  Fobs.,  vol.  2,  p.  73,  fig.  42.  Potsdam. 

Arethnaina  Barrande,  1852;  Syst.  Sil.  Bohdme,  vol.  1,  p.  493. 
Type,  Arethusina  honincki  Barrande. 

americana  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Sorvey,  vol.  8,  p. 

62,  pi.  9,  fig.  27.  Cambrian. 

Arges.    (  See  Licbaa. ) 
Arges,  snbgenns  lAokaSf  Hall  and  Clarke,  1888 ;  Pal.  New  York,  vol.  7,  p.  Ix. 

phlycianodes  Green.    (See  Idchaa  phlyotanodes. ) 

arionellnt,    (See  Agrauloa.) 

Asaphiscua  Meek,  1873 ;  6th  Ann.  Kept.  U.  S.  Geol.  Survey  Territories,  p.  485  (foot- 
note). 

IBatkjfurellus  (AsaphiseuB)']  bradleyi  Meek,  1873;  6th  Ann.  Kept.  tJ.  S.  Geol. 

Survey  Territories,  p.  484,  Cambrian. 

bradleyi  Meek,  1873;  6th  Ann.  Kept.  U.  S.  Geol.  Survey  Territories,  p.  485. 

wheeler!  Meek,  1873;  6th  Kept.  U.  S.  Geol.  Survey  Territories,  p.  485  (foot- 
note). Cambrian. 

wheelexl  White,  1875;  Geog.  and  Geol.  Survey  West  100th  Meridian,  vol.  4,  p.  43, 

pi.  2,  figs.  1  a-f. 

wheelerl  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  :K),  p.  220,  pi.  31,  figs.  3, 3  a. 

Asaphua  Bronguiart,  1^22;  Hist.  Nat.  Crust.  Foss.,  p.  18,  pi.  2,  fig.  1  a,  b. 
Type,  Asaphua  expansua  Linn6. 

Syn.,  CrsrptofiymtM,  Eichwald,1825;  (in  part)  not  Cryptonymus  Eichwald,  1840. 
laotelua  De  Kay,  1822;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  1,  p.  174. 
ffenUcrupiuruB  Green,  1832;  Mon.  Tril.  North  America,  p.  20. 

acanthoteurus,    (SeeDalmanites  acantholeuma.) 

alaoer  Billings,  1866;  Catalogue  Sil.  Foss.  Anticosti,  p.  26,  fig.  9. 

aspectans.    (See  DalmanitcB  aapectans.) 

astragalotea  Green,  1834 ;  Am.  Jour.  Sci.,  Ist  series,  vol.  25,  p.  335. 

aBtragalotea  Green,  1835 ;  Suppl.  Mon.  Tril.  N.  A.,  p.  11,  cast  37. 

Probably  Phaoopa  rana  Green. 
-^-^  harrandi,    (See  Ogygiabarrandi.) 

canadenaia  Chapman,  1856;  Canadian  Jour.,  vol.  1,  p.  482.  Utica  Slate. 

canadenaia  Chapman,  1858 ;  Canadian  Jour.,  vol.  2,  p.  47. 

canadenaia  Chapman,  1858;  Canadian  Jour.,  vol.  3,  p.  230,  figure. 

canadenaia  Chapman,  1859;  Canadian  Jour.,  vol.  4,  p.  1,  figure. 

canadensis  Chapman,  1859;  Annals  Nat.  Hist.,  3d  series,  vol.  2,  p.  9,  fig.  1. 

canadenaia  Billings,  1863 ;  Geol.  Survey  Canada,  p.  204,  fig.  201. 

From  a  x>ersonal  study  of  the  species  collected  on  the  Georgian  Bay,  Canada, 
I  am  inclined  to  refer  Asaphua  halli  and  A,  hincksii  to  Asaphus  canadensis 
Chapman. 

llsotelus'i  canalia  Conrad  MSS.  Chazy. 

[/«ole/iw]  canalia  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  25,  pi.  4  bis,  figs.  17-19. 

canaUs  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  255;  also  p.  352,  fig.  340  (not  Con- 
rad sp.). 

canalia  Billings,  1862;  Geol.  Vermont,  vol.  1,  p.  299,  pi.  12,  Ag.  5. 

This  species  is  probably  Asaphus  platycephalus. 
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ABaphna  canalis  Whitfield,  1886;  Ball.  Am.  Mas.  Nat.  Hist.,  New  York,  vol.  1,  p. 
336,  pi.  34,  figs.  1-8. 

canalis  Whitfield,  1S89;  Bull.  Am.  Mus.  Nat.  Hist.,  New  York,  vol.  2,  p.  64, 

pis.  11, 12. 

caribouensis  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  6eol.  Snrvey,  vol.  8, 

p.  98,  pi.  12,  figs.  7-7  a,  b.  Pogonip. 

caudatua,    (See  Dalmanitea  limiiluruB.) 

cordieri,    (See  Dalmanites  limulmnB.) 

cor^&mu.    (See  ProetUB  coryccBus. ) 

crypturus.    (See  HomalonotUB  cryptnruB. ) 

cozioBiiB  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  318,  fig.  305.  Qaobee. 

?  curioBUB  Walcott,  1884;  Pal.  Eareka  Dist.,  Mod.  U.  S.  Geol.  Sarvey,  vol.  8,  p. 

98,  pi.  12,  fig.  15. 

denHculatue.    (See  DalmaniteB  dentlcnlatuB.) 

ditmarnce  HoDeyman,  1879 ;  Proc.  Nova  Scotia  Inst.  Nat.  Soi.,  vol.  5,  p.  18. 

(See  HomalonotUB  cnrpturuB  Green. )  Clinton  f 

duiruB  Green,  18.39 ;  Am.  Joar.  Scl.,  Ist  series,  vol.  37,  p.  40.  Hudson. 

edwardi,    (See  DalmaniteB  UmuluruB.) 

emoiyi  Hall,  18.57 ;  Bept.  U.  S.  Mexican  Boundary  Survey,  vol.  1,  pi.  20^  fig.  5. 

Not  defined. 

sztans.    (See  BathyuruB  eztana.) 

gigas,    (See  Aaaphua  platycephaluB.) 

lAfegalfuptsfi  goniocercoB  Meek,  1873 ;  6th  Ann.  Bept.  U.  S.  Geol.  Survey  Ter- 
ritories, p.  480.  Quebec. 

goniuruB  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  324,  Quebec. 

goniuruB  Billings,  1865;  Pal.  Foss.,  vol.  l,p.415. 

halli.    (See  CryphasuB  boothi.) 

lialli  Chapman,  1858 ;  Annals  Nat.  Hist.,  3d  series,  vol.  2,  p.  14,  fig.  2. 

Trenton  and  Utica. 

halli  Chapman,  1858;  Canadian  Jour.,  2d  series,  vol.  3,  p.  236,  figure. 

This. species  is  the  same  as  Asaphus  oanadenns  Chapman. 

hinck^a  Chapman,  1859 ;  Canadian  Jour.  Industry,  Sci.  and  Arts,  vol.  4,  p.  2, 

figure.    (See  Aaaphua  oanadenBiB  Chapman.)  Utica. 

homalononotoides  Walcott,  1877 ;  Advanced  shet^ts  31st  Bept.  New  York  State 

Mus,  Nat.  Hist.,  p.  20.  Trenton. 

homalononotoidea  Walcott,  1879 ;  31st  Bept.  New  York  State  Mus.  Nat.  Hist., 

p.  71. 

hamalimonotoides  Whitfield  (not  Walcott),  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  237. 

(See  AaaphuB  triangulataa.) 

huttoni  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  271,  fig.  256.  Quebec. 

iUaBnoidea  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  323. 

illBdnoideB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  414. 

[/»o/rftt»]  ioweuaia  Owen,  1852;  Bept.  Geol.  Survey  Wisconsin,  Iowa,  and  Min- 
nesota, p.  577.  pi.  2  a,  figs.  1-7.  Trenton. 

— —  laUcostatus,    (See  Dalmanitea  anohiopa.) 

?  latimarginata  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  253,  pi.  66,  figs.  4  a,  b. 

Utioa. 
limulurua,    (See  Dalmanitea  limnluruB.) 

marginalia  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  24,  pi.  4  W«,  fig.  15.  Chazy. 

marginalia  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  235,  pi.  3,  fig.  16. 

[/aateZiw]  nuudmuB  Locke,  1838 ;  2d  Ann.  Bept.  Geol.  Surv^ey  Ohio,  p.  246,  figs. 

®i  9-  Trenton  and  Hudson. 

Syn.,  Isotelm  megistos  Locke,  1841 ;  Trans.  Am.  Assoc.  (Jeol.  Nat.,  p.  221,  pi.  6. 
I80telu9  megi8to8  Locke,  1842;  Am.  Jour.  Sci.,  Ist  series,  vol.  42,  p.  366,  pi.  a 
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Syn.,  Jsotelus  megUtoa  Meek,  1873;  Pal.  Ohio,  vol.  1,  p.  157,  pi.  14,  fig.  13. 

Isotelus  m£gi8to8  Miller,  1874,  Cincinnati  Qu^rt.  Joar.  Sci.,  vol.  l,p.  137. 
Asaphua  megUtoa  Walcott,  18B4;  Science,  March  7,  fig.  1,  vol.  3,  p.  200. 
Asaphtui  megalopthalmus  TrooBt,  1840;  5th  Geol.  Rept.  Tennessee,  p.  57. 

Trenton? 

micropleurua  Green,  1835 ;  Suppl.  Mon.  Tril.  North  America,  p.  21,  cast  No.  41. 

micrurus,    (See  Dalmanitee  micrurus.) 

monisi  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  272,  fig.  257,  Syn.  to  Aoaphus  hattoni 

Billings. 

murchisoni  Castelnau,  Syn.  to  Asaphna  platycephaluB  Stokes. 

mtfrmecophorii9,    (See  Dalmanites  myrxnecophoruB.) 

' n€i8utus.    (See  Dalmanites  nasutua.) 

f  nodoHlriaUis  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  248,  pi.  61,  figs.  1  a,  b.    (See 

BathyuniB  eztans  Hall.) 
— ^  notana  Billings,  1866 ;  Catalogue  Silurian  Foss.  Anticosti,  p.  25,  fig.  8. 
Compare  A%aphus  maximus  Locke. 

?  obtusuB  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  24,  pi.  4  W«,  fig.  14.  Chazy. 

obtusus  Emmons,  1855 ;  American  Geology,  vol.  2,  pt.  2,  p.  236,  pL  3,  fig.  14. 

pelops  Billings,  1665 ;  Pal.  Foss.,  vol.  1,  p.  317, fig.  304.  Quebec 

platycephaluB  Stokes,  1823;  Trans.  Geol.  Soc.  London,  2d  series,  vol.  1,  p.  208, 

pi.  27.  Trenton. 

Syn.,  Jsotelus  gigas  De  Kay,  18^4 ;  Aunals  Lyceum  Nat.  Hist.  New  York,  vol.  1,  p. 
176,  pi.  12,  fig.  1. 
UotelM  planm  De  Kay,  1824;  Annals  Lyceum  Nat.  Hist.  New  York,  vol«  1, 

p.  178,  pi.  13,  fig.  7. 
AsaphuB  gigoB  "DsklaiKSit  1826;  Palsead.,  p.  70. 
Aiaphiis  gigaa  and  planus  Dalman,  1826 ;  Palsead.,  p.  70. 
IsoUdua  gigas  Green,  1832 ;  Monthly  Am.  Jour.  Geol.,  p.  560. 
UoteluH  gigaa  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  71,  cast  21, 22. 
iBotelua  planus  Green,  1832;  Monthly  Am  Jour.  Geol.,  p.  560;  Mon.  Tril.  N. 

A.,  p.  68,  cast  23. 
laotelus  ategopa  Green,  1832;  Mon.  T^il.  N.  A.,  p.  71,  cast  26, 27. 
Brongniartia  isoUlea  Eaton,  1832 ;  Greological  Text  Book,  p.  .33,  pi.  2,  fig.  22. 

platycephaluB  Bronn,  1835 ;  Lethosa  Geogn.,  vol.  1,  p.  115,  pi.  9,  fig.  8. 

Syn.,  laotelvA  gigaa  Milne-Edwards,  1840;  Crust.,  vol.  3,  p.  298. 

platycephaluB  Bnckland,  1840 ;  Bridgw.  Treatise,  vol.  2,  p.  76,  pi.  63,  fig.  12. 

platycephaluB  Burmeister,  1843 ;  Org.  Trilobites,  p.  110,  pi.  2,  fig.  12  (Ray  Soo. 

ed.,  1846). 
Syn.,  laoiclua  gigaa  VoviXookf  1843;  Geol.  Rept.  Londonderry,  p.  295,  pi.  7,  fig.  1^ 
pi.  8,  fig.  1. 
laotelm  planua  Portlock,  1843 ;  Geol.  Rept.  Londonderry^  p.  295,  pi.  7,  figs. 

2, 3. 
laotclua  gigaa  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  231,  pis.  60-63. 
laoielua  gigaa  Emmons,  1855;  Am.  Geology,  vol.  1,  pt.  2,  p.  215,  pi.  16,  fig.  12. 

[laotelua']  platycephaluB  Bronn  and  Roemer,  1851-^56;  Lethsa  Geogn.,  vol.  1, 

p.  632,  pi.  9,  fig.  8 ;  pi.  9',  fig.  5. 

platycephaluB  Nieszkowski,  1857 :  Mon.  Sil.  Ostseeprovinz,  Tril.,  p.  37. 

Syn.,  laotelna  gigaa  Rogers,  1858 ;  Geol.  Survey  Pennsylvania, vol.  2,  p.  819,  fig.  010. 

platycephaluB  Billings,  1863 ;  Geol.  Survey  Canada,  p.  184,  fig.  183. 

Syn.,  Aaaphua  {laoielus)  gigas  Salter,  1864  ;  Mon.  Brit.  Tril.,  p.  161,  i)l.  24,  tigs,  l-.^); 
pl.25,  fig.  l(var.). 
Aaaphua  {laotelus)  gigaa  Salter,  1864;  Mem.  Geol.  Survey  United  Kingdom, 
decade  xi,  pi.  3. 
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Asaphas  platycephaluB  BilliDgs,  1870 ;  Qaart.  Jour.  Geol.  Soc.  London,  vol.  26,  p. 
486,  pla.  31, :«. 
Syn.,  I90ielu3  gigas  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Soi.,  yol.  1,  p.  138. 

platyleuruB  Green,  1837;  Am.  Jour.  Sci.,  Ist  series,  toU  32,  p.  169.    (SeeDal- 

manltlB  platyleums.) 

polyplenruB  Green,  1838 ;  Am.  Jour.  Sci.,  1st  series,  vol.  34,  p.  380. 

quadraticaudatuB  Billings,  18^;  Pal.  Foss.,  toI.  1,  p.  273,  fig.  258.  Quebec. 

rGBmlngeri  Walcott,  1876 ;  28tli  Kept.  New  York  State  Mus^  Nat.  Hist.,  p.  96. 

Trenton. 

»eUnuru9.    (See  Dalmanitea  BelenuruB.) 

gtoltni,    (See  ProetuB  BtokoBi.)  ~ 

Buaae  Calvin ;  MSS. 

BOBae  Whitfield,  1882;  Geol.  Wisconsin,  voL  4,  p.  236,  pi.  5,  fig.  3;  pi.  10,  fig,  8. 

Trenton. 

tetragonocephaluB  Green,  1834 ;  Am.  Jour.  Soi.,  1st  series,  vo].  25,  p.  135. 

tetragonocephaluB  Green,  1835;  Suppl.  Moo.  Tril.  N.  A.,  p.  12,  cast  38. 

[Paradoxides'^  tetragonocephaluB  Emmricli,  1839 ;  De  Tril.,  etc.,  p.  34. 

The  cast  issued  with  Dr.  Green's  monograph  as  No.  38  may  be  the  same 
species  which  Dr.  Emmons  afterwards  described  as  AtapB  trilineaiuB.  It  has 
about  sixteen  segments  in  the  thorax,  also  obscure  nodes  along  the  axis.  The 
head  shows  the  occnlar  ridges  of  a  Ptyckoparia,  whereas  the  segments  are  those 
oharacterictic  of  the  Oleni,    It  is  too  imperfect  for  generic  classification. 

trentonenstB,    (See  LichaB  trentonenals. ) 

trianguIattiB  Whitfield,  1880 ;  Ann.  Kept.  Qeoh  Survey  Wisconsin,  1879,  p.  59. 

Trenton. 
This  species  is  the  AaaphtM  homalonotaidea  of  the  Final  Report,  vol.  4,  p.  237, 
pi.  5,  fig.  4. 

?  trlxnblil  Green,  1837 ;  Acad.  Nat.  Soi.  Phila.,  Jour.,  yol.  7.  Niagara. 

— ^  trixnblli  Green,  1837 ;  Am.  Joar.  Sci.,  Ist  series,  vol.  32,  p.  348. 

lOsygiafI  vetufltuB  Hall,  1847;  Pal. N.  Y.,  vol.  l,p. 227,  pi.  60,  fig.  1. 

Trenton  and  Hudson. 

?  lOgygia']  vetaatuB  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  216,  fig.  72. 

lUoielua'i  vigilanB  Meel£  and  Worthen,  1870 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  53. 

'  Hudson. 

[isoteZtM]  vigilanB  Meek  and  Worthen,  1H75 ;  Geol.  Illinois,  vol.  6,  p.  491,  pi.  23, 

fig.  6. 

wiBconaenBiB  Walcott,  1876;  28th  Rept.  N.  T.  State  Mns.  Nat.  Hist.,  p.  97. 

Trenton. 
ABpidolltea  Conrad,  1841 ;  4th  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Survey,  p.  48. 
Atopa  Emmons,  1844  ;  Taconic  System,  p.  20. 
Type,  Atops  trilineaius  Emmons. 

trllineatUB  Emmous  1844 ;  Taconic  System,  p.  20,  fig.  1,  pi.  2,  fig.  3.        Taconic. 

trilineatUB  Emmons,  1847;  Nat.  Hist.  New  York,  Agriculture,  vol.  1,  p.  64,  fig.  8, 

pi.  14,  fig.  3. 
Syn.,  Caljfmene  leckii  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  252,  pi.  67,  figs.  4  a-4  e 
(not  Calymene  heckii  Green,  or  Aiops  trilineatua  Emmons). 

trilineatUB  Haldemaa,  1848 ;  Am.  Jour.  Sci.,  2d  series,  vol.  5,  p.  107. 

—  trUineatUB  Emmons,  1849;  Proc.  Am.  Assoc.  Adv.  Sci.,  1st  Meeting,  Phila.,  1848, 
pp.  10, 17. 
Syn.,  Calymene  heckii  Fitch,  1849;  Trans.  Agric.  Soc.  New  York,  vol.  9,  p.  865 
(not  Calymene  heckii  Green). 

trilineatUB  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  115,  pi.  1,  fig.  16. 

Syn.,  Al4>p8  punctaiu9  Emmons,  1860;  Manual  Geology,  p.  88,  fig.  71;  alio  p. 
280. 
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Atops  trilineatus  Barrande,  1861 ;  Ball  Soc.  0^1.  France,  2d  series,  yoL  18,  p.  269, 

pL  5,  fig.  1. 
trilineatUB  Barrande,  1861 ;  Bull.  Soc.  Q€ol,  France,  itd  aeries,  vol.  18,  p.  271,  pL 

5,  fig.  3. 
ICanooepKaUtes  {Aiop»)1  txilineatua  Ford,  1871 ;  Am.  Jour.  Sci.,  3d  series,  vol. 

2,  p.  33. 
— ^  iCanocephalitea'i  trllineatuB  Ford,  1873 ;  Am.  Jour.  Sci.,  3d  series,  vol.  6,  p.  135. 
—  IConoo^halites  {Atopi)']  trUineatus  Ford,  1879;  Am.  Jour.  Sci.,  3d  series,  vol.  9, 

p.  205. 
-r—  ITriarthrus'i  trillAeattis  Miller,  1877 ;  Catalogue  Am.  Pal.  Foes.,  p.  223. 

[Canoooryphe]  trilineatus  Ford,  1880;  Am.  Jour.  Sci.,  3d  series,  vol.  19,  p.  152. 

Syn.,  Triarihrus  hecki  Waloott,  1879;  Trans.  Albany  Inst.,  vol.  10,  p.  23. 
IPtyoopaHa]  trilineatua  Walcott,  1886;  Bull,  U.  S.  Geol.  Survey,  No.  30,  p.  203, 

pi.  27,  fig.  1  a-c. 
— —  IConooaryphe']  trilineatua  Waloott,  1887  ;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p. 

197,  pi.  1,  fig.  7  a,  b. 
Bailiella  Matthew,  1884 ;  Trans.  Royal  Soc.  Canada,  vol.  1,  p.  124  (used  as  a  snbgenoa 

to  Conooorypke  (Bailiella)  Baileyi), 
Barrandia  Hall,  1860;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  115  (not  Bar- 

randia  McCoy ) .    ( See  Olenellua . ) 

ihompBonL    (See  Olenellua  thompsoni.) 

termontana.    (See  Olenellua  vermontana  and  Mesonasia  vermontana.) 

Barrandia  McCoy,  1849;  Annals  Nat.  Hist.,  2d  series,  vol.  4,  p.  409. 

Type,  Barrandia  cordai  McCoy. 
?  mccoyi  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  96, 

pi.  12,  fig.  5.  Pogonip. 

Bath5motUB  Hall,  1860 ;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  117. 

Type,  Bathynotu9  holopyga  Hall. 
IPeliura  (Olenus)]  holopyga  Hall,  1859;  12th  Rept.  New  York  State  Cab.  Nat. 

Hist.,  p.  61,  figure. 

iPeltura  (Olenus)^  holopyga  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  528,  figure. 

Syn.,  Paradoxideaf  quadrispinoauB  Emmons,  1860;  Manual  Geology,  p.  80,  fig.  57. 
^radoxidea  {Pa^ura)  quadrispinoaua  Emmons,  1860;  Manual  Geology,  p. 
280,  fig.  57. 

holopyga  Hall,  1860;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  118,  figure. 

holopyga  Hall,  1861 ;  Geol.  Vermont,  vol.  1,  p.  371,  pi.  13,  fig.  3. 

{^Peltura  (Olenua)'^  holopyga  Barrande,  1861 ;  Bull.  Soc.  G^ol.  France,  2d  series, 

vol.  18,  p.  278,  pi.  5,  figs.  9, 10. 
holopyga  Walcott,  1886;  Bull.  U.  S.  GeoL  Survey,  No.  30,  p.  191,  pi.  31,  figs. 

1-1  a.  Middle  Cambrian. 

Bathyurellua  Billiugs,  1865 ;  Pal.  Fobs.,  vol.  1,  p.  262. 

abruptua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  263,  fig.  247.  Quebec. 

[Aaaphiacua'\  hradUyi  Meek.     (See  Aaaphiacua  bradleyi.) 

ezpanaua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  318,  figs.  306  a,  b.  Quebec. 

Compare  B,  niiidna  and  B,  marginatua  Billings. 

formoaua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  265,  fig.  250.  Quebec. 

fratemua  BQlings,  1865;  Pal.  Foas.,  vol.  1,  p.  267,  fig.  251.  Quebec. 

The  head  of  this  species  may  belong  to  Salter's  genus  Siygina. 

litoreus  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  320.  Quebec. 

marginatua  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  263,  fig.  248.  Quebec. 

Compare  B,  niiidna  and  B.  expanaua  Billings. 

nitiduB  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  265,  fig.  249.  Quebec. 

On  page  320  Mr.  Billiugs  says  that  it  may  be  found  necessary  to  unite  B. 

nitidua,  B,  marginatua,  and  B,  expanaua  into  one  polymorphic  species. 
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BathjnxreUuB  rams  Billings,  1865;  Pal.  Fosb.,'yo1.  1,  p.  320,  no  tignro.  Quebec. 
iDikelcoephalus']  tmncatua  Meek,  1873;   6th  Ann.  Kept.  Geol.  Survey  Terri- 
tories, p.  465  (no  description  given). 

vaUdus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  268,  fig.  252.  Quebec. 

lAaaphiscua'}  wheeleri.    (See  ABaphiscus'TKrheeleri.) 

Bathynrisous  Meek,  1873;  6tli  Ann.  Kept.  U.  S.  Geol.  Survey  Territories,  p.  484. 
IBathyurusf]  haydeni  Meek,  1873;  6tli  Ann.  Rept.  U.  S.  Geol.  Survey  Terri- 
tories, p.  483.  Potsdam. 

haydeni  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  215. 

howelli  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No,  30,  p.  216,  pi.  30,  ligs.  2, 2  ;i. 

Middle  Cainbi'ia.u. 
8yn.,  Emholimua  rotundatus  (Rominger)  Walcott,  1888;  Am.  Jour.  Sci.,  3d  series, 
vol.  36>  p.  165,  referred  to  Baihyuriscus  howellU 

{.Ogygia^  producta  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol. 

4,  p.  244,  pi.  2,  figs.  31-34.  Middle  Cambrian. 

lOgygia'l  producta  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  vol. 

4,  p.  245,  pi.  2,  fig.  35. 

producta  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  217,  pi.  30,  figs.  1, 

1  a-c. 
BathyuruB  Billings,  1859  ;  Canadian  Naturalist,  vol.  4,  p.  364. 
Type,  Bathyurua  extana  Hall. 

amplimarginatus  Billings,  1857 ;  Canadian  Naturalist,  vol.  4,  p.  365,  fig.  12  a,  b. 

Calciferous. 

amplimarginatUB  Billings,  1863 ;  Creol.  Canada,  p.  122,  fig.  41. 

ainplimarginatus  BiUiugS)  1865;  Pal.  Foss.,  vol.  1,  p.  352,  fig.  341  a. 

augelini  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  467,  fig.  37.  Chazy. 

angelioi  Billings,  1863 ;  Geol.  Canada,  p.  133,  fig.  68. 

arcuatuB  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  205,  fig.  190.  Quebec. 

armatUB  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  319,  fig.  23. 

armatuB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  411,  fig.  392. 

annatUB  Walcott,  1879 ;  32d  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  131. 

[/>orj/!pyy6f]  armatUB  Vogdes,  Bull.  U.  S.  Geol.  Survey  No.  63  (this  bulletin), 

bituberculatUB  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  319,  fig.  22;  also 

Geol.  Canada,  1863,  p.  238,  fig.  270.  Quebec. 

bituberculatUB  Billings,  1865;  Pal.  Foss.,  voU  1,  p.  410,  fig.  391. 

If  this  species  is  correctly  represented  by  Mr.  £.  Billings  it  can  not  be  iu- 
clnded  within  the  limits  of  Bathyurua,  As  we  know  of  no  other  to  which  it 
bears  a  resemblance,  the  new  generic  term  of  Lloydia  is  proposed,  in  honor  of 
the  first  author  on  Trilobites,  Edward  Lhwyd.  Diagnosis:  Glabella  tumid 
and  extending  to  the  frontal  limb ;  basal  lobes  elongate-oval,  pointed  at  both 
ends,  separated  from  the  glabella  by  shallow,  obscure  grooves ;  eyes  opposite 
the  mid  length  of  the  glabella ;  thorax  unknown. 

breviceps  Billings,  1865;  PaL  Foss.,  vol.  1,  p.  262,  fig.  246.  Quebec. 

capax  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  318,  fig.  20.  Quebec. 

capaz  Billings,  1863;  Geol.  Canada,  p.  238,  fig.  271. 

capaz  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  409,  fig.  389. 

A  similar  species  was  referred  by  Mr.  R.  P.  Whitfield  (Geol.  Survey  Wiscon- 
sin, vol.  4,  pi.  4,  fig.  6)  to  Dicellocephalua. 

caudatUB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  261,  fig.  245.  Quebec. 

coDicuB  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  366,  fig.  12  d.    Calciferous. 

conlcuB  Billings,  1863;  Geol.  Canada,  p.  122,  fig.  42. 

conicUB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  352,  fig.  341  b. 

oonicus  Whitfield,  1889 ;  Bull.  Am.  Mus.  Nat.  Hist.,  vol.  2,  No.  2,  p.  61,  pi.  13, 

figs.  15-21. 

Ball.  63 7 
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BathyuruB  ?  congeneiifl  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon,  U.  S.  GeoL  Saryey, 
vol.  8,  p.  92,  pi.  12,  fig.  8.  Pogonip. 

cordai  BilliDgs,  1860 ;  Canadian  NataralUt,  vol.  5,  p.  321,  fig.  26.       Calciferoas. 

cordai  Billings,  1863;  Geol.  Canada,  p.  238,  fig.  269. 

cordai  BiUings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  259,  fig.  242;  p.  412,  fig.  395. 

Compare  this  species  with  typical  Solenopleura, 
-^ — ?  orotalifrona  D  wight,  1884;  Am.  Jour.  Sci.,  3d  series,  vol.  S^,  p.  253,  figs.  4, 
4  a,  5,  6.  Calciferoas. 

. cybele  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  366,  fig.  12  o.    Caloiferous. 

cybele  Billings,  1863 ;  Geol.  Canada,  p.  122,  fig.  43. 

cybele  Billings,  1865 ;  Pal.  Fobs.,  vol.  1,  p.  352,  fig.  341c. 

dubiuB  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  319,  fig.  21.  Quebec. 

dubius  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  410,  fig.  390. 

lAaaphuBt^  extans  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  228,  pi.  60,  figs.  2  a-e. 

Trenton. 

lAsaphw  f  ]  oxtana  Hall,  1850 ;  3d  Rept.  New  York  State  Cab.  Nat.  Hiat.,  p.  174^ 

pi.  3,  figs.  1  a-c. 
Syn.,  Ataphua  nodostriattu  Hall,  1850 ;  3d  Rept.  New  York  State  Cab.  Nat.  Hiat., 
p.  175. 

extana  Billings,  1863;  Geol.  Canada,  p.  153,  fig.  114. 

gregaxius  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  363,  fig.  349.  Potadam. 

Mr.  Walcott  (Ball.  U.  S.  Geol.  Survey,  No.  10,  p.  36)  refers  this  apeciee  to 
the  genus  Solenopleura  Angelin,  and  remarksthatmany  of  the  Cambrian  apeciee 
of  the  genus  Bathyurua  described  in  the  Canadian  reports  might  be  referred  to 
that  genus. 

1  hajfdeni.    (See  Bathymiacua  haydeni.) 

longiapinua  Walcott,  1876 ;  28th  Rept.  N.  Y.  State  Cab.  Nat.  Hist.,  p.  94. 

Trenton. 

minganenaia  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  353.  Caloiferous. 

nero,    (See  Solenopleura  nero  (Billings)  Walcott.) 

— ^  oblongua  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  921,  fig.  25.        Quebeo. 

oblongua  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  412,  fig.  394. 

parvuluaBillings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  952,  fig.  361. 

pannilua  Billings,  1861 ;  Pal.  Foss.,  Bull.  Geol.  Sur.  Canada  p.  16,  fig.  21. 

Potsdam. 

panmluB  Billings,  18a5 ;  Pal.  Foss. ,  vol.  1,  p.  16,  fig.  21. 

perplezua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  364,  fig.  350.  Potsdam. 

perapicator  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  205,  fig.  191.  Quebec. 

pogonipenaia  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Ezpl.  40th  Par.,  vol.  4,  p. 

243,  pi.  1,  figs.  33, 34.  Cambrian. 

quadratua  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  321,  fig.  27.      Quebec. 

quadratua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  412,  fig.  396. 

aaffordi  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  321,  fig.  24.  Quebec. 

aaffordi  Billings,  1865;  Pal.  Fobs.,  vol.  1,  p.  259,  fig.  341 ;  p^411,  fig.  393. 

aeelyi  Whitfield,  1886 ;  Bull .  Am.  Mus.  Nat.  Hist.,  New  York,  vol.  l^No.  8,  p.  339, 

pi.  3:),  figs.  12-18.  Birdseye. 

aeelyi  Whitfield,  1889 ;  Bull.  Am.  Mus.  Nat.  Hist. ,  New  York,  vol.  2,  No.  2,  p.  62, 

pi.  13,  figs.  8-14. 

aeneotua  Billings,  1861 ;  Bull.  Geol.  Sur.  Canada,  p.  16.  Potsdam, 

aenectua  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  953,  figs.  359, 360. 

aenectua  Billings,  1863 ;  Geol.  Canada,  p.  286,  figs.  298  a,  b ;  Pal.  Foss.,  vol.  1,  p. 

16  (1865),  figs.  19,20. 

Referred  to  Protypm  senectm  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30« 
p.  213,  pL  31,  figs.  2,  2  a-c. 
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BathyiiroB  serratas  Meek,  1873 ;  6th  Add.  Kept.  U.  8.  Geol.  Survey  Territories,  p. 
480.  Potsdam. 

?  slmilUmuB  Walcott,  1884 ;  Pal.  Enreka  Dist.,  Men.  U.  S.  Geol.  Snrrey,  toI.  8,  p. 

93,  pi.  12,  fig.  11.  Pogonip. 

smithi  Billings,  1863;  Geol.  Canada,  p.  153,  fig.  115.  Trenton. 

smithi  Billings,  1865 ;  Pal.  Foss.,  vol.  I,  p.  56. 

flolitaricuB  Billings,  1865 ;  Pal.  Fobs.,  vol.  1,  p.  362.  Quebec. 

lAHdaspia'i  spiniger  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  241,  pi.  64,  fig.  5. 

Trenton. 

stonemani  Vogdes,  1884 ;  12th  Ann.  Kept.  Geol.  Nat.  Hist.  Minnesota,  p.  8. 

Tranton. 

strennuB  Billings,  1865 ;  Pal.  Foes.,  vol.  1,  p.  204,  fig.  188.  Qoebec. 

tanxifrona  Dwight,  1884 ;  Am.  Jour.  Sci.,  3d  series,  vol.  27,  p.  252,  pi.  7,  figs.  1-3. 

Calciferons. 

timon  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  261,  fig.  244.  Quebec. 

?  tnbeitsulattiB  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  6.  Geol.  Snrvey,  vol. 

8,  p.  12,  fig.  9.  Pogonip. 

▼etnla  Billings,  18^;  Pal.  Foes.,  vol.  1,  p.  365.  Potsdam. 

lAgraulos  (Bathyuruif)']  wooBteri  Whitfield,  1878;  Ann.  Kept.  Geol.  Survey 

Wisconsin,  p.  56.  Potsdam. 

lAgrauhs  {Bathifurus  f )]  wooBtexi  Whitfield,  1882 ;  Geol.  Wisoonsin,  vol.  4^  p. 

189,  pi.  l,figs.  19-21. 
Bohemilla  Barrande,  1872;  Syst.  Sil.  Bohdme,  Snppl.,  vol.  1,  p.  137. 

Type,  Bohemilla  stupenda  Barrandei 
Brongniartia  Eaton,  Am.  Jour.  Sci.,  1st  series,  vol.  22,  p.  166,  and  Geol.  Text-Book,  p. 
32  (Syn.,  AaaphuB  in  part),  not  BrongniarHa  Salter  (subgenus  Somalonoiua), 

oardn&ides  Eaton.    (See  TriarthruB  becki. ) 

iwUiea.    (See  AaaphuB  platycephaluB.) 

plaiycephua  Eaton.    (See  HomalonottiB  delphinocephaluB.) 

BrachymetopuB  McCoy,  1847;  Ann.  Nat.  Hist.,  vol.  20,  p.  220. 
Type,  Brachymetopus  m<ioooyi  Portlock. 

IPhilUpsia  (OHfflihides)-]  lodienBiB  Meek,  1875;  Pal.  Ohio,  vol.  2,  p.  323,  pi.  18, 
fig.  3.  Waverly. 

lodiensiB  Vogdes,  1888;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  102. 
{^Phillipaia  (Braohymeiopua)']  omata  Hall.    (See  CyphaBpls  omata.) 
BronteaB  Goldfuss,  1839;  Beitrage  Petrefactenknnde,  Nova  Acta  Physico-Med.,  vol. 
19,  p.  360,  pi.  33,  fig.  3. 
Type,  BronUu9  flaMl{fera  Goldfuss. 

Syn.,  Qoliius  De  Koninck,  1841 ;  M^m.  Crust.  FoQp.  Belgique,  p.  5. 
acamaa  Hall,  1865;  20th  Kept.  New  York  State  Cab.  Nat.  Hist,  p.  332,  pi.  21, 
figs.  19,20.  Niagara, 

acamaa  Hall,  1870 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  422,  pi.  21, 

figs.  19,20  (rev.  ed.). 
barrandl  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  350,  pi.  63,  figs.  1-4. 

Lower  Helderberg. 
canadensiB  Logau,  1844;  Geol.  Canada,  p.  54, 2  figs.  Lower  Helderberg. 

InBnlarlB  Billings,  1866;  Catalogue  Sil.  Foss.  Anticosti,  p.  66. 
laphami  Whitfield,  1878;  Ann.  Rept.  (}eol.  Survey  Wisconsin  (1877),  p.  88. 

Niagara, 
laphami  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  310,  pi.  22,  figs.  1-4. 
lunatnB  Billings,  1857;  Geol.  Canlida,  p.  338.  Trenton. 

lanatiiB  Billings,  1863 ;  Geol.  Canada,  p.  188,  fig.  187. 
?  niagarenBiB  Hall,  1852 ;  Pal.  New  York,  vol.  3,  p.  314,  pi.  70,  fig.  3.        Niagara. 
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Bronteus  occaaua  WiDchell  aud  Marcy,  1866;  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  1, 
p.  104,  pi.  3,  fig.  1%  Niagara. 

occaaua  ( Winchell  and  Marcy)  Hall,  1867 ;  SOth  Bept.  New  York  State  Cab.  Nat. 

Hist.,  p.  400. 

pompiliua  Billings,  1863;  Proc.  Portland  Soc.  Nat.  Hist.,  p.  123,  pi.  1,  fig.  25. 

Upper  Silarian. 

tuUiua  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  12,  pi.  8,  figs.  34-36.         Hamilioo. 

Bomaatua  Mnrchison,  1839 ;  Sil.  Syst.,  p.  656.    Snbgenns,  Ilkm%9, 
Calymene  Brongniart,  1822;  Crast.  Fob.,  p.  9. 

Type,  Calymene  tuber culata  BUnnich,  1781. 

Syn.,  rr%anocheihi8,  Rouanlt,  Bull.  Soc.  66ol.  France,  yol.  4, 1846,  p.  309. 

anckiops.    ( See  Dalmanites  anchiops. ) 

bedkii,    (See  Txiarthrua  beckl.) 

—  blumenbachi  Brongniart,  1822;  Crust.  Foss.,  p.  11,  pi.  1,  figs.  1  a-d. 

blumenbachi  Barrande,  1852;  Syst.  Sil.  Boh6me|  pis.  19  and  45. 

blumenbachi  Salter,  1863;  Mon.  Brit.  Trilobites,  pi.  6,  figs.  7-11,  13-16;  pL  9, 

fig.  1. 
This  species  should  take  the  older  name  of  Calymene  tuberculata  Bfinnicb. 

blumenbachi  (Greon)  not  Brong.,  Mon.  Tril.  N.  A.,  p.  28,  cast  1. 

blumenbachi?  Foerste,  1885 ;  Bull.  Denison  Univ.,  vol.  1,  p.  100,  pi.  13,  ^g,  25. 

huoklandi,    (See  Ceraurua  pleurexanthua  Green.) 

bufo.    (See  Phacopa  bufo  Green.) 

birfo  var.  rana,    (See  Phacopa  rana  Green.) 

callicephala  Green,  1832;  Mon.  Tril.  N.  A.,  p.  30,  cast  2. 

callicephala  Bnrmeister,  1843 ;  Org.  Trilobiten,  p.  83,  pi.  2,  figs.  9-10  (Ray  Soo. 

ed.). 
callicephala  Miller,  1882 ;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  5,  p.  117,  pL  5, 

fig.  8. 

The  cast  of  this  species  (from  a  dark  yellowish  limestone  of  Hampshire 
County,  Virginia),  issued  with  Dr.  Green's  monograph,  exhibits  a  CtUymene 

with  a  broad  frontal  margin.    The  other  specimens  referred  to  by  Dr.  Green 
from  Ohio  and  Indiana  are  species  of  the  well-known  Calymene  senaria  Conrad. 

camerata  Conrad,  1842;  Jour.  Acad.  Nat.  Sci.  Phila.,  vol.  8,  p.  278.      Niagara. 

camerata  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  337,  pi.  78,  figs.  10  a-f. 

chriatyi  Hall,  18G0;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  119. 

Hudson. 
chriatyi  Hall,  1862 ;  15tb  Rept.  New  York  State  Cab.  Nat.  Hist.,  pi.  10,  figs.  1, 2, 

and  5. 

chriatyi  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  107,  pi.  4,  figs.  13-15. 

chriatyi  Miller,  1874 ;  Cincinnati  Qaart.  Jour.  Sci.,  vol.  1,  p.  141. 

iHemicrypturis']  cUntoui  Vannxem,  1842;  Geol.  New  York,  3d  Geol.  Dist.,  p.  79, 

fig.  3;  also  p.  80.  Clinton. 

clintoni  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  298,  pi.  66  a,  figs.  5  a^-d, 

clintoni  Rogers,  1858 ;  Geol.  Survey  Pennsylvania,  vol.  2,  p.  823,  fig.  637. 

clintoni  Vogdes,  1880;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  178,  figs.  3,4  (not  fig.  3). 

clintoni  Vogdes,  1886 ;  Des.  New  Species  Foss.  Crust.  Clinton  Gronp,  p.  5,  figs.  3, 4. 

(See  Calymene  vogdeaii  Foerste.) 

conradi  Emmons,  1855;  Am.  Geology,  vol.  1,  pt.  2,  p.  236.  Hudson. 

crasHmarginat€t.    (See  Proetua  craaaimarginata.) 

dioi)H  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  .37,  pi.  1,  fig.  2,  cast  8  (Proetus  diope). 

m^icrophthalma  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  39,  cast  9.   (See  Phacopa  bufo. ) 

mamillata  Hall,  1861 ;  Geol.  Wisconsin,  p.  50.  Trenton. 

mamillata  Hall,  1862 ;  Geol.  Wisconsin,  vol.  1,  p.  432,  figs.  1,2. 

'•'-^  marginatue,    (See  Proetua  marginatua.) 
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Calymene  micropa  Green,  1832 ;  Mou.  Tril.  N.  A.,  p.  34,  cast  6. 

multicosta  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  228,  pi.  60,  fig.  3.         Trenton. 

nasuta  Ulrich,  1879;  Jonr.  Cincinnati  Soc.*Nat.  Hist.,  vol.  2,  p.  131,  fig.  3. 

t 

Niagara. 

niagarenaiB  Hall,  1843;  Geol.  New  York,  4th  Dist.,  p.  102,  fig.  3  (on  p.  101). 

Niagara. 
— ^  hlumetibachii  var.  niagarensiB  Hall,  1852 ;  Pal.  New  York,  ▼ol.^2,  p.  307,  pi.  ^7, 
figs.  11J2. 

hlumenbachii  Roemer,  1860 ;  Sil.  Fanna  W.  Tenn.,  p.  79,  pi.  5,  fig.  22. 

niagarenaia  Hall  and  Whitfield,  1875;  Pal.  Ohio,  vol.  2,  p.  153,  pi.  7,  figs.  14, 15. 

niagarenalB  Hall ;  20th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  334  ;  revised 

edition,  p.  425. 

niagarenaiB  Hall,  1876 ;  Hlu^.  Devon.  Foss.  Ornstacea,  pi.  1,  fig.  10. 

niagarenaiB  Hall,  1879 ;  28th  Kept.  N.  Y.  State  Mus.  Nat.  Hist. ,  p.  187,  pi.  32,  figs. 

8-15. 

niagarenBiB  Hall,  1883;  11th  Ann.  Kept.  Qeol.  Nat.  Hist.  Indiana,  1881,  p.  331: 

pi.  34,  figs.  8-15. 
Compare  C.  brevioapitata  (Portlock)  McCoy;  Brit.  Pal.  Foss.,  pi.  1  F, fig.4. 

nupera.    (See  Phacopa  nupera.) 

odonioeephala.    ( Syn . ,  Dalmanites  seUnus. ) 

phlyctainodoB  Green,  18:)7;  Am.  Joor.  Sci.,  1st  series,  vol.  32,  p.  167. 

Dr.  Green  compares  this  speoies  with  Encrinurus  variolaria, 

platys  Green,  1832;  Mon.  Tril.  N.  A.,  p.  32,  casts  4,5.  Upper  Helderberg. 

platjB  Hall,  1861 ;  Des.  New  Species  Foss.,  p,  54. 

platys  Hall,  1862;  15th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  82. 

platyaHall,  1876;  lUns.  Devon.  Foss.  Crustacea,  pi.  1,  figs.  1-9. 

platya  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  1,  pi.  1,  figs.  1-9;  pi.  25,  figs. 

1,2. 

rana.    (See  Pliacopa  rana  Green.) 

roBtrata  Vogdes,  1879;  Am.  Jonr.  Sci.,  3d  scrips,  vol.  18,  p.  477.  Clinton. 

roBtrata  Vogdes,  1880;  Proo.  Acad.  Nat.  Sci.  Phila.,  p.  176,  figs.  1,2. 

roBtrata  Vogdes,  1886 ;  Des.  New  Species  Foss.  Crust.  Clinton  Group,  p.  2,  figs. 

1.2. 
rotci.    (See  PhaoopB  row!  Green.) 
mgoaa  Shumard,  1855;  1st  and  2d  Repts.  Qeol.  Missouri,  p.  200,  pi.  B,  fig.  14. 

Lower  Helderberg. 
Beleneeephala,    (See  Calymene  aenaxia  Conrad.) 

-  aenaria  Conrad,  1841 ;  4th  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Survey,  p.  49. 

Trenton. 

-  aenaria  Emmons,  1842;  Geol.  New  York,  2d  Geol.  Dist.,  p.  390,  fig.  2. 
Syn.,  seleneoephala  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  31,  cast  3. 

hlumenbachii  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  28,  cast  1.     (Not  of  Bron- 

guiart.) 
callieephala  Green,  1832;  Mon.  Tril.  N.  A.,  p.  31.    (Specimens  from  Ohio 

and  Indiana  only.) 
hrevicapitata  Salter,  1848 ;  Mem.  Geol.  Snrv.  United  Kingdom,  vol.  2,  p,  341, 

pi.  11,  figs.  1,  2.     (Not  of  Portlock,  1843 ;  Geol.  Rept.  Londonderry,  etc., 

p.  286,  pi.  3,  fig.  3.) 
brevicapitata  (Portlock)  Salter ;  Mem.  Geol.  Surv.  United  Kingdom,  vol.  3, 

pi.  17,  figs.  11,  12.    (Not  of  Portlock.) 
foreipaia  (McCoy)  Salter;  PalseOn.  Soc.  London,  vol.  17,  p.  97.     (Not  of 

McCoy,  Sil.  Foss.  Ireland,  pi.  4,  fig.  14.) 

-  senaxla  Emmons,  1855;  Am.  Geology,  vol.  1,  pt.  2,  p.  213,  pi.  16,  fig.  9. 
aenaria  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  238,  pi.  64,  figs.  3  a-n. 
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Calyznene  IhlumenbachW]  var.  aenaria  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  299,  pi. 
66  a,  figs.  6  a-e.  Clinton. 

aenaria  var.  blumeubactdi  Salter,  1865 ;  Mou.  Brit.  Tril.,  p.  97,  pi.  9,  tigs.  6-10  (aot 

tigs.  7, 8,  Calymene  brevicajfitaia  VoTtlock), 

aenaria  Meek,  Pal.  Ohio,  vol.  1,  p.  173,  pi.  14,  figs.  14  a-f. 

—  aenaria  Miller,  1674 ;  CiDcinnati  Quart.  Jour.  Sol.,  vol.  1.  p.  140. 

Syn.,  ealltoephala  (Green)  Miller,  1877 ;  Catalogue  Am.  Pal.  Foss.,  p.  213. 

aenaria  White,  1880;  2d  Ann.  Rept.  Dept.  Statistics  Geol.  Indiana,  p.  493,  pi.  2, 

figs.  1,2. 
Syn.,  cAlHcephala  (Green)  Miller,  1882;  Jour.  Cincinnati  Soo.  Nat.  Hiat.,  toL  5, 
p.  117,  pi.  5,  fig.  8. 

aenaria  Walcott,  1887 ;  Notes  on  Some  Sections  of  Trilobites,  pi.  1. 

aenaria  Walcott,  1884 ;  Science,  March  7, 1884,  vol.  3,  p.  201,  figs.  2, 3. 

apinifera  Conrad,  1842;  Jour.  Acad.  Nat.  Sci.  Phila.,  voL 8,  p. 277. 

Compare  Cypkaapis  girardeavensia, 

tritulcaia,    (See  Phacopa  triaulcata.) 

vosdeaii  Foerste,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  95,  pi.  8,  fig6.  12-16. 

Clinton. 

r  hlumenhachi  Foerste,  1886 ;  Bull.  Denison  Univ.,  voL  1,  p.  190,  pi.  13,  fig.  24. 

Syn.,  cHntoni  Vogdeci,  1882 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  178,  fig.  3  (not  fig.  4). 
clintani  Vogdes,  1886 ;  Des.  New  Species  Fobs.  Crust.  Clinton  Group,  p.  5, 
fig.  3  (not  fig.  4). 
Ceratocephala  Warder,  1838.    (See  Aoidaapia.) 

ceralepta  Anthony.    (See  Acidaapla  ceralepta.) 

goniata  Warder,  1838 ;  Am.  Jour.  Sc,  1st  series,  vol.  34,  p.  378,  figure. 

Ceratolichaa  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  xl.    Subgenus  LiohoM. 
Ceranma  Green,  1832;  Monthly  Am.  Jour.  Greol.,  vol.  1,  p.  560,  pi.,  fig.  6;  Hon.  TriL 

N.  A.,  p.  83,  cast  33,  pi.,  fig.  10. 
Ceraunia  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  242. 

Syn.,  Otarion  (in  part)  Zenker,  1833;  Beitrage  Nat.  Urwelt,  p.  44. 

Arges  (in  part)  Goldfuss,  1843;  Neues  Jahrbuch  fiir  Mineral.,  p.  5. 

Cyphaapis  (in  part)  Burmeister,  1843,  Org.  Trilobiten,  p.  104. 

Ampkion  (in  pait)  Portlock,  1843;  Geol.  Survey  Londonderry,  etc.,  p.  272. 

Cyphaapia  (in  part)  McCoy,  1846 ;  Sil.  Fobs.  Ireland,  p.  44. 

Cheirurua  Bey  rich,  1846 ;  Unters.  Trilobiten,  etc.  II,  p.  3. 

EooaptoohUe  Corda,  1847;  Prodr.,  p.  245. 

AoHnopeliea  Corda,  1847 ;  Prodr.,  p.  247. 

Croialocephaltu  Salter,  1853 ;  Mem.  Geol.  Survey  United  Kingdom,  decade 

7,  pi.  2,  p.  10. 
Cyrtometopm  Augelin,  1854 ;  Pal.  Scand.,  p.  32. 
SphcBToooryphe  Angelin.  1854;  Pal.  Scand.,  p.  65. 
PaeudophcBToxochua  Schmidt,  1881;  Rev.  Baltic  Sil.  TriL,  p.  130. 
Nieazkowakia  Schmidt,  1881 ;  Rev.  Baltic  Sil.  Tril.,  p.  130. 
Type,  Ceraurua  pleurexanthemua  Green. 
ICheiruma']  appollo  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  322,  fig.  28. 

Quebec. 

ICheirurua]  appollo  Billings,  1865;  Pal.  Foes.,  voL  1,  p.  413,  fig.  397. 

ICkeirurua'i  himucronattia  (Murch.)  Roemer,  Die  sil.  Fauna  W.  Tenn.,  p.  80,  pL5, 

fig.  19,  not  of  Murchisou.    (See  Ceraurua  niagarenaia  Hall.) 

croaotua  Lock.    (See  Aoidaapia  croaotua.) 

[Cheirurua']  eryx  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  322,  fig.  30. 

Quebec. 

[Cfccirunw]  eryx  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  413,  fig.  399. 

[ Cheirurua'\  glaucua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  323,  fig.  308.  Quebec. 
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Ceraurus  ICkeirurus']  icarua Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  67,  fig.  14. 

Hudson. 

ICheirurual  icams  Billings,  1863;  Geol.  Canada,  p. 219.  fig.  231. 

icaruB  Meek,  1873 ;  Pal.  Ohio,  voL  1,  p.  162,  pL  14,  tig.  11  a,  b,  c. 

Icarus  Miller,  1874;  Cinoinnati  Quart.  Jour.  Sci.,vol.  I,p:i33. 

ICheirunUl  inaigxiia  (Beyrich)  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  300,  also 

p.  306,  pi.  67,  figs.  9, 10. 
Not  of  Beyrich,  1845;  Ueber  einige  bohui.  Tril.,  p.  12,  pi.  I,  fig.  1, 

inBignis.    (See  Ceraums  niagarensis  Hall.) 

meronriOB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  285,  fig.  272.  Qnebec. 

niagarenaiB  Hall,  1867 ;  20th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  376,  pi. 

21,  fig.  10. 

nlagarenBia  Hall,  1870;  20th  Kept.  New  York  State  Cab.  Nat.  Hist.  (2d  ed.),  p. 

427,  pi.  21,  figs.  10,  11. 
Syn.,  Spkterexockus  romingerit  Hall ;  Doc.  Ed.  2dth  Rept.  New  York  State  Mns. 
Nat.  Hist. 
Explanation  of  pi.  32,  fig.  16  (erroneous  reference). 

ICkeirurus^  nlagarenaia  Hall,  1879 ;  28th  Rept.  New  York  State  Mus.  Nat.  Hist., 

p.  189,  pi.  32,  *fig.  16. 
Syn.,  Cheirurus  Hmuoranatwf  (Murch.)  Roemer;  Die  sil.  Fauna  W.  Tenn.,  p.  80, 
pi.  5,  fig.  19. 

nlagarexiBia  Hall,  1882;  12th  Ann.  Rept.  Geol.  Nat.  Hist.  Indiana,  1881,  p.  335, 

pi.  34,  fig.  16 ;  pi.  33,  fig.  10. 

[C&«irwru«l  numitor  Billings,  1866 ;  Catalogue  Sil.  Fobs.  Anticosti,  p.  27,  fig.  11. 

Hudson. 

[C^etnirtM]  nupems  Billings,  1866 ;  Catalogue  Sil.  Fdss.  Anticosti,  p.  61,  fig.  20. 

Anticosti. 

ICkeirurus']  perforator  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  287,  fig.  275. 

Quebec. 

plenrezanthemus  Green,  1832;  Monthly  Am.  Jour.  Geol.,  vol.  1,  p.  560,  pi., 

fig.  10.  Trenton  and  Hudson. 

plenrejxuithemus  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  84,  fig.  10,  pi.  1,  cast  33. 

Syn.,  Calj/mene  bucklandi  Anthony,  1838;  Am.  Jour.  Soi.,  1st  series,  vol.  36,  p. 
106,  figs.  1,2. 

pleureacanthemus  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  242,  pi.  65,  figs.  1  a-n ; 

pi.  66,  figs.  1, 1  h. 

pleurexanthemuB  Emmons,  1855 ;  Am.  Geology,  vol.  1,  p.  217,  pi.  15,  figs.  1  a-k. 

ICkeirurua"]  plenrezanthemus  Billings,  1863;  Geol.  Canada,  p.  188,  fig.  188. 

pleurexanthemuB  Miller,  1874  ;  Cincinnati  Qnart.  Jour.  Sci.,  vol.  1,  p.  132. 

plenrezanthemus  Walcott,  1875;  Annals  Nat.  Hist.  New  York,  vol.  11,  p.  155, 

pi.  11. 

plenrezanthemus  Walcott,  1881 ;  Bull.  Mus.  Comp.  Zool.  Harvard  Coll.,  vol. 

8,  p.  211,  pi.  5,  figs.  1-6. 

[  CAeirunw]  polydoms  Billings,  1865 ;  Pal.  Foss. ,  vol.  1,  p.  286,  fig.  274.     Quebec. 

ICkeirurus]  pompilins  Billings,  1865 ;  Pal.  Foss.,  vol.  1, p.  181,  fig.  162. 

Chazy  and  Huston. 

[  Ckeirurus]  prolificns  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  285,  fig.  273 ;  p.  325,  fig. 

311.  Qnebec. 

?  pnstulosa  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  246,  pi.  61,  fig.  2  a-h. 

Trenton. 

rams  Walcott,  1877 ;  Advanced  sheets  3l8t  Rept.  New  York  State  Mus.  Nat. 

Hist.,  p.  15.  Trenton. 
rams  Walcott,  1879 ;  31sl  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  68. 

[  Ckeirurus]  satyrus  Billings,  1865 ;  Pal.  Foss. ,  vol.  1,  p.  324,  fig.  309.  Chazy. 
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CeramuB  [CheirurtM'i  sol  Billings,  1865 ;  Pal.  Fobs.,  vol.  1,  p. 288,  fig. 276.        Quebec. 

[ CheiruruH]  solitariuB  BillingB,'  1865 ;  Pal.  Foss. ,  vol.  1,  p.  206.  Qaebec. 

[Cheirurusli  tarquinius  Billings,  UB63;  Proc.  Portland  Soc.  NAt  Hist.,  vol.  1,  p. 

121,  pi.  1,  flg.  22.  Upper  Silurian. 

vigilans.    (See  Encrinums  vigUans.) 

[Cheirurui]  vuloanus  Billings,  1865;  Pal.  Fobs.,  voL  1,  p.  284,  fig.  ^ ;  p.  324, 

fig.  310.  Qaebec 

Chariocephalus  Hall,  1863 ;  16tli  Rept.  New  York  State  Cab.  Nat.  Hist,  p.  175. 

Type,  Chariocephalus  whitfieldi  Hall. 
tumlfrons  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  224,  pL 

2,  figs.  38, 39.  Potadam. 
?  tomlfrons  Walcott,  1884 ;  Pal.  Enreka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

61,  pi.  10.  fig.  16. 
whitfieldi  Hall,  1863  j  16th  Rept.  New  York  State  Cab.  Nat  Hist,  p.  175,  pL  6, 

figs.  49-53 ;  pi.  10,  fig.  20.  Potadam. 

Chaamopa  McCoy,  1849;  Aunals  Mag.  Nat.  Hist.,  2d  series,  vol.  4,  p.  403.  (See  Dal- 
manites  IChasmopsii  anchiopa,  anchiops  var.  annatua,  anchiopa  var.  sobri- 
nua,  D.  IChasmops']  calypso,  D.  IChasmops']  erina,  D.  IChastnopa'}  macropa. 

[U^lmanites']  trooati  Safibrd,  1869;  Geol  Tennessee,  p.  290.  Trenton. 

trooati  Saflord  arid  Vogdes,  18-i'J;  Proc.  Acad.  Nat.  SoL  Phila.,  p.  167,  figure. 

Conocephalud  Zenker,  18.33;  Bcitrage  Nat.  Urwelt,  p.  48. 
ConocephalUea  Barrande,  1852 ;  Syst.  Sil.  Bohdme,  vol.  1,  p.  415. 

For  species  previously  classed  under  these  genera,  see  Conocoryphe,  Pty- 

choparia,  and  Crepicephalua. 
Conocoryphe  Corda,  1847 ;  Prodr.,  p.  139,  pi.  2,  fig.  10. 
Type,  Conocoryphe  suUeri  Schlotheim. 

-  IConocephalitea']  balleyi  Hartf ,  1868 ;  Acadian  Greology,  p.  645  (3d  ed.).    St.  John. 

baileyi  Matthew,  1884 ;  Trans.  Royal  Soc.  Canada,  vol.  1,  p.  Ill,  pi.  1,  figs.  22-27. 

IBaiUeUa']  baileyi  Matthew,  1S84 ;  Trans.  Royal  Soc.  Canada,  vol.  I,  pi.  1.  fig.  22, 

[Salieria]  baileyi  Walcott,  1884;  Bull.U.  S.  Geol.  Survey,  No.  10,  p.  32,  pi.  4, 

figs.  3,  3  a ;  pi.  5,  figs.  7,  7  a. 

The  author  herein  proposed  the  subgenus  Salteria  (corrected  to  Bailiella)  for 
Erinnya  Salter,  a  preoccupied  generic  name ;  the  same  is  true  of  Salteria,  need 
for  a  genus  of  fossil  Crustacea. 

IConocephaliteB'}  calcifera  Walcott,  1879;  32d  Rept  New  York  State  Mas.  Nat. 

Hist,  p.  129.  Calciferons. 
[  ConocephalUea]  Cordilleras  Rominger,  1887 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  17, 

pi.  1,  fig.  7.  Cambrian. 

elegana  Hartt,  1868 ;  Acadian  Geol.  (3d  ed.),  p.  650.  St.  John. 

elegaua  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  33,  pi.  4,  figs.  2, 2  a,  b. 

gemini'8pino8U8  Hartt.    (See  Conocoryphe  mattbewi.) 

IConocephalites]  hartti  Walcott,  1879 ;  32d  Rept  New  York  State  Mua.  Nat.  Hist., 

p.  131.  Calciferons. 

[ConocephalUea]  matthewi  Hartt,  1868;  Acadian  Geology,  p. 646,  fig. 224. 

St  John. 

IConocephalUea']  matthewi  Matthew,  1884;  Trans.  Royal  Soc.  Canada,  vol.  1,  p. 

103,  pi.,  figs.  6-21. 
Syn.,  Harttia  maUhetoi  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  19,  pi. 
1,  fig.  3. 

matthewi  Walcott,  1884 ;  Bull.  U.  S.  GeoL  Survey,  No.  10,  p.  28,  pi.  4.  figs.  1, 

1  a,  b. 
[ConocephaWea']  optatua  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  122,  pi.  5  a;  fig.  7.  Potsdam. 
iConocephalUea'l  trilineatua,    (Sec  Atopa  trilineatus  Emmons.) 
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Conocoryphe  IConoooryphe]  irilineatus.    (See  Atx>pa  trilineatus  Kuiiiiouh.) 

lBailella\  \Rralcotti  Matthew,  1884  ;  Trana.  Royal  Soc.  Canada,  vol.  1,  p.  119,  pi. 

1,  figs.  36-36  b.  St.  John. 


■^  walcotti  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  30. 


Conolichas  Dames,  1877 ;  Zeitschr.  Deutsch.  geol.  Gesell.,  Berlin,  1877,  p.  806.    Cono- 

lidhaa^  subgenus  Liohas  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  xzxix. 
Coronura  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  xxxii.    (See  Dalmanties  ICoronnral 

aapectanji,  D.  [Coronura']   myrmecophoms,  and   D.   I  Coronura']   emargl- 

nattui.) 
Corycephalus  Hall,  1888 ;  Pal.  New  York,  vol  7,  p.  xxxiv.    (See  balmanitea  t  Cor.v- 

r^phalu9]  regalia,  D.  ICorycq^halus]  pygmseus,  aud  D.  [Corycephalus]  denta- 

tUB.) 

Crepicephalns  Owen,  19^2;  Kept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 
p.  576. 

There  is  hardly  a  question  that  Dr.  D.  D.  Owen  had  before  him  when  he 
-wrote  the  description  of  his  genus  Crepicephalus  a  true  Ptychoparia.  He  re- 
marks: '^The  rather  fiat,  slipper-shaped  glabella  is  tapering  aud  slightly 
acumiuat-ed  anteriorly,  with  a  faint  ridgo  on  the  median  line;  two  small 
and  very  superficial  depressions  and  a  posterior  faint  furrow  very  partially 
divide  the  glabella.  The  facial  sutures  run  nearly  parallel  to  the  margin  of 
the  glabella  aud  join  a  thickened,  cord-like  anterior  narrow  border)  inclos- 
ing a  convex  area,  narrower  in  front  than  at  the  sides.  Oblique  plications 
can  sometimes  be  traced  on  the  cheek-plate  in  advance  of  the  eye,  converg- 
ing towards  the  apex  of  the  glabella."  He  refers  the  following  figures  to  the 
genus:  Plate  1,  fig.  ft,  Crepioephalusty  pygidium  from  the  Miniskah  Trilobite 
grit.  Plate  l,fig.  13,  Crepicephalwit  ^oisoonensis  (n.s.),  part  of  cephalothorax; 
and  a  portion  of  the  cephalic  shield  of  D.  granulosus  t.  Plate  1  a,  fig.  10, 
glabella  of  Cr^icephalus  n.  g.,  near  Miniskah.  Plate  la,  fig.  14,  pygidium 
of  Crepieephalust  miniscaenis  n.  s.,  from  Miniskah  i^ts.  Plato  1  a,  fig.  16, 
pygidium  and  portion  of  Crepicephalua  (f)  and  portions  of  cephalothorax  of 
that  genus,  from  the  Miniskah  Trilobite  grit.  Plate  1  a,  fig.  18,  glabella  of 
CrepicephalaSj  near  Miniskah,  Mississippi  River. 
— -  [Baihyurust]  angulatus  Hall  and  Whitfield.    (See  Ptychoparia  angnlatua.) 

ILoganelltts]  anyius  Hall  and  Whitfield.     (See  Ptychoparia  anytna.) 

[  Loganellus]  centralis  Whitfield.    (See  Ptychoparia  o^reni.) 

gibbal  Whitfield,  1880 ;  Ann.  Rept.  Cteol.  Survey  Wisconsin,  1879,  p.  50. 

Potsdam. 

gibbai  Whitfield,  1880 ;  Geol.  Wisconsin,  vol.  2,  p.  67. 

gibbai  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  184,  pi.  10,  figs.  12, 13. 

[loganellus]  granulosa  Hall  and  Whitfield.     (See  Ptychoparia  granulosa.) 

[Loganellus]  haguei,    (See  Liaoatracua  haguei  and  Ptychoparia  haguei.) 

[  Loganellus]  maculosus  Hall  and  Whitfield.    (Sen  Ptychoparia  maculoaua.), 

[fjtganellus]  monlanensis  Whitfield.    (See  Ptychoparia  montanenaia. ) 

[Loganellus]  nitidens  Hall  and  Whitfield.     (See  Ptychoparia  nltidena.) 

onuatua  Whitfield,  1878;  Ann.  Rept.  Geol.  Survey  Wisconsin,  1877,  p.  53. 

Potsdam. 

onuatua  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  182,  pi.  1,  figs.  22,23. 

oireni.    (See  Agrauloa  o^reni  and  Ptychoparia  oweni.) 

[  Loganellus ]  planus  Wh i  tfie Id.    ( See  Ptychoparia  planua. ) 

[  Loganellus]  quadrans  Hall  and  Whitfield.    (See  Ptychoparia  quadrana.) 

[Loganellus]  simulator  Hall  and  Whitfield.    (See  Ptychoparia  nitidena.) 

[Loganellus]  unisulcatus  Hall  and  Whitfield.     (See  Ptychoparia  uniaulcatua. ) 

f  wiscoHsensis  Owen.    (See  Anomocare  wiaconaenaia.) 

Crepicephalua  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  35. 
Type,  IXkelocepkalua  f  iowensis  Owen. 
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CrepicephaluB  auguata  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey^  No.  30$  p.  208,  pi. 
28,  6g8.  2,  2  a,  b.  Mid41e  Cambrian. 

-  IDikelocephalusfi  lo^v^enBia  Owen,  1852;    Kept.  Geol.  Wisconsin,  Iowa,  and 

Minnesota,  p.  575,  pi.  1,  fig.  4 ;  pi.  1  a,  fig.  13.  Potsdam. 

Undetermined  Trilobite  Owen,  1848 ;  Kept.  Geol.  Reconnoissance  Chippewa 
Land  Dist.,  p.  14,  pi.  7,  fig.  1. 
— ; —  IConoeephalites']  io'^eaais  Sbamard,  1863;  Trans.  Aoad.  Sol.  St.  Lonis,  vol.  2, 
p.  102. 

ICanocephalites']  iowenais  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat. 

Hist.  p.  162,  pi.  7,  fig.  33;  pi.  8,  figs.  10-12  and  :)0. 

iowenais  Walcott,  1884;  Ball.  U.  S.  Geol.  Survey,  No.  10,  p.  36. 

iowenaia  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  207. 

liUana  Walcott,  1886 ;  Boil.  U.  S.  GeoL  Survey,  {To.  30,  p.  209,  pi.  28,  figa.  3, 

3  a,  c.  Middle  Cambrian. 

Crjrphseua  Green,  1837;  Am.  Jour.  Sci.,  Ist  series,  vol.  32,  p.  343. 
Type,  Cryphceus  hoothi  Green. 

IDalmaniies  (Cryphceus)'}  barriai  Hall,  1888;  Pal.  New  York,  vol,  7,  p.  48,  pl.  16a, 

fig.  18.  Hamilton. 

booth!  Green,  1837;  Am.  Jour.  Sci.,  Ist  series,  vol.  32,  p.  343,  figure.    Hamilton. 

Syn.,  Crjfph<eu9  greeni  Conrad,  1839 ;  2d  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 
Survey,  p.  06. 
Cryphmia  callitelea  Conrad,  1839 ;  2d  Ann.  Rept.  Pal.  Dept.  New  York  GeoL 

Survey,  p.  62. 
Aaaphm  halH  Conrad,  1840;  3d  Ann.  Rept.  Pal.  Dept.  New  York  GeoL  Sur- 
vey, p.  204. 
OryphcBus  calHtele8  Hall,  1843;  Geol.  New  York,  pt.  4,  p.  201. 
Cryphcsus  callitelea  De  Yemenil,  1850 ;  Bull.  Soc.  G6ol.  France,  2d  seriea, 

vol.  7,  p.  164,  pl.  1,  fig.  3. 
Phacops  p€cHnatu8  F.  A.  Roemer,  1850;  Beitrage  zur  Kenntn.  Harsgeb.,  p. 

62,  pl.  9,  fig.  27. 
Dalmania  calliteles  Emmons,  1860;  Manual  Geology,  p.  138,  fig.  124  (7). 

IDalmania'l  booth!  Hall,  1861 ;  Des.  New  Species  of  Fossils,  p.  63. 

- —  [Dalfnania]  booth!  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  91. 

[Dalmanite9'\  booth!  Hall,  1676;  Illus.  Devonian  Foss.,  pl.  16,  figs.  1^,  ^11, 

13,  15,  16. 
Syn.,  CrypkasM  stellifer  Eayser,  1878;  Abhandl.  geol.  Specialkarte  Pr.,  vol.  2, 
pt.  4,  p.  33,  (in  part). 
Cryph(BU8  laciniatus  Kayser,  1878;  idem,y  p.  34. 

IDalmaniies  (Cryph(Bus)'i  booth!  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  42,  pL  16, 

figs.  1-4 ;  pl.  16  a,  figs.  3-8. 

callitelua  Green,  1837;  Am.  Jour.  Sci.,  1st  series,  vol.  32,  p.  346. 

Hamilton. 

[Dalmanitea]  booth!  Hall,  1876;  Illus.  Devonian  Foss.,  pl.  16,  figs.  7,  8,  12, 14. 

(?-)  oalUtelua  Eayser,  1878 ;  Abbandl.  geol.  Specialkarte  Pr.,  vol.  2,  pt.  4,  p.  32, 

pl.  3,  fig.  10. 

[Dalmanites  (^CryphcBus)']  booth!  var.  callitelea  Hall  and  Clarke,  1888;  Pal. 

New  York,  vol.  7,  p.  45,  pl.  16,  figs.  5-22 ;  pl.  16  a,  figs.  9-17. 

IDalmaniiea  (Crypfe«?tt«)]  cotnla  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  41,  pL 

16  a,  fig.  1.  Comiferons. 

IDalmania']  pleione  Hall,  1861 ;  Des.  New  Species  Fossils,  p.  62.  Hamilton. 

IDalmania]  pleione  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  90. 

[Dalmanitea'i  pleione  Hall,  1876;  Illus.  Devonian  Foss.,  pl.  16,  fig.  17. 

pleione  Kayser,  1878;  Abbandl.  geol.  Specialkarte  Pr.,  vol.2, pt.4,p.33. 
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CryphsevLA  [Dalma»it€fi  (Cry ph a' Hs)]  pleione  ITall,  18?nS;  Pal.  New  York,  vol.  7,  p. 

41,  pi.  16  a,  fig.  '^• 
Cryptolithua  Green,  1832j  Mon.  Tril.  North  America,  p.  72. 

This  generic  should  replace  that  of  Trinuoleus  Murch.,  1839. 
Crifptangmus  Eichwald,  1825 ;  8yn.  to  A$aphu8f  lUanus,  and  N\ohe, 
Crjfptonynius  Eichwald,  1840.    (See  Enoiinums. ) 
CybeleLoven,  1845;  Sveuska  Vetensk.  Akad.  Forhaudl.,  p.  110. 
Type,  Cjfhele  bellatula  Dal  man. 

, pwMtata  Hall.    (See  EncrinQrus  omatus. ) 

Cypbaspis  Burmeister,  1843 ;  Org.  Trilobiten,  p.  98. 
Type,  Cjfphaspis  oeraiapihalfna  Barmeister. 

chziBt]ri  Hall,  1863 ;  Trans.  Albany  lust.,  vol.  4,  p.  220.  Niagara. 

chxlstyl  Hall,  1875 ;  28th  Kept.  New  York  State  Mns.  Nat.  Hist.,  pi.  32,  figs.  5-7. 

ofarlstyi  Hall,  ld79;  28thliept.  New  York  State  Mas.  Nat.  Hist.,  p.  188,  pi.  32, 

figs.  5-7. 

ohristyi  White,  1880;  2d  Ann.  Rept.  Dept.  Statistics  and  Geol.  Indiana,  p. 

493,  pi.  3,  fig.  9. 

cliTistyi  Hall,  1882 ;  11th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  1881,  p.  333, 

pi.  34,  figs.  5-7. 

o<9letNi  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  151,  pi.  24,  fig.  1. 

Lower  Helderberg. 

craspedota  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  148,  pi.  24,  figs.  15-20. 

Hamilton. 

diadema  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  144,  pi.  24,  fig.  13. 

Upper  Helderberg. 
*— -  girardeaiienaia  Shnmard,  1855 ;  1st  and  2d  Rept.  Geol.  Missouri,  p.  197,  pi.  B, 
fig.  11  a,  b. 

girardeaaeneis  Emmons,  1860 ;  Manual  Geology,  p.  159,  fig.  145  (2). 

hybrida  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  144,  pi.  24,  fig.  14. 

Upper  Helderberg. 

IPhilUpMa']  leevis  Hall,  1876;  Illus.  Devonian  Foss.,  pi.  21,  fig.  29. 

'  IfiBvis  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  150.  pi.  21,  fig.  29.  Chemung. 

IPkiUipsia'i  minuBCula  Hall,  1876;  Illus.  Devonian  Foss.,  pi.  20,  fig.  17. 

Upper  Helderberg. 

mlnoacula  Hall,  1888 ;  PaL  New  York,  vol.  7,  p.  140,  pi.  20,  fig.  17 ;  pi.  24,  figs.  7-12. 

IPhilUpsiaf  {Brachynieiapiuf)']  ornata  Hall,  1876;  Illus.  Devoniau  Foss.,  pi.  21, 

fig.  1.  Hamilton. 

Syp.,  Phillipaia  ooronata  Miller,  1877;  Catalogue  Am.  Pal.  Foss.,  p.  221. 

PhilHpaia  ooranatat  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Sur- 
vey, vol.  8,  p.  211. 

ornata  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  145,  pi.  21,  fig.  1 ;  pi.  24,  fig.  21. 

ornata  var.  baocata  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  146,  pi.  24,  figs.  22, 23. 

stephanophora  Hall,  1886 ;  Pal.  New  York,  vol.  7,  p.  142,  pi.  24,  figs.  2-6. 

Upper  Helderberg. 
Dalmania  Emmrich,  1844  ;  Zur  Naturgeschicht«  Trilobiten,  p.  15. 

This  name  having  been  used  in  1830  for  a  genus  of  the  Diptera,  J.  Barrande 
suggested  that  of  Dalmanites. 
Dalmanitea  (Emmrich)  Barrande,  1872;  Syst.  Sil.  Boh^me,  Snppl.,  vol.  1,  p.  27. 
Type,  Dalmanites  caudatus  Biinnich. 

Syu.,  Pleuracanihus  Milne-Edwards,  1840;  Crust.,  vol.  3,  p.  329. 
Odontochile  Corda,  1847 ;  Prodr.,  p.  208,  pi.  5,  tig.  56. 
Osieropyge  Corda,  1847  ;  Prodr.,  p.  241,  pi.  6,  fig.  66. 
Metacanthus  Corda,  1847 ;  Prodr.,  p.  242,  pi.  6,  fig.  67. 
Ckasmopa  McCoy,  1849 ;  Annals  Nat.  Hist.,  2d  series,  vol.  4. 
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Syn.,  Cryplmus  Grt»cn,  l&JT ;  Am.  Jour.  Sci.,  1st  series,  vol.  32,  p.  !J43. 

Odontoccphalus  Conrad,  1840 ;  3d  Repi.  Pal.  Dept.  New  York  Geol.  Survey, 

p.  204. 
Hausmannia  Hall,  1888 ;  Pal.  New  York,  vol,  7,  p.  xxxi. 
Coronura  Hall,  1888 ;  Pal.  New, York,  vol.  7,  p.  zzxii. 
Coryoephalnt  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  xxxiv. 
Dalmanites  lAsaphuatl  acantfaoleunis  (Conrad)  Hall,  1862;  15th  Rept.  Naw  York 

State  Cab.  Nat.  Hist.,  p.  113. 
lAsaphusfl  acantfaolenrus  Conrad,  1841 ;  4th  Rept.  PaL  Dept.  New  York  Geq}. 

Survey,  p.  48.  Onondaga. 

acantfaoleunis  Hall,  1876 ;  111  us.  Devonian  Foss.  Crusit.,  pi.  19,  fig.  14. 

IDalmanitea]  aoantholeuniB  Hall,  1876;  Hlus.  Devonian  Foss.  Croat.,  pi.  19, 

fig.  14. 

achates  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  63,  fig.  9.  Trenton. 

achates  Billings,  1863;  Geol.  Canada,  p.  187,  fig.  186. 

asgeria  Hall,  1861 ;  Des.  New  Species  Fossils,  p.  57.  Upper  Helderberg. 

asgeria  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  85. 

'  aegeria  Hall,  1876;  Illns.  Devonian  Fobs.  Crust.,  pi.  12,  figs.  1,2,7. 

eegeria  Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  p.  12,  figs  3,  6,  8  (not  figs. 

1,2,7). 
lOdontoeephalua'}  eegexia  Meek  and  Worthen,  1868;  Greol.  Illinois,  vol.  3,  p.  417, 

pi.  10,  figs.  4  a,  b,  c. 
lOdontooophalus']  eegeria  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  53,  pi.  11  b,  figs. 

1-11. 

ICaljfmenel  anchiops  Green,  1832;  Monthly  Am.  Jour.  C^l.,  vol.  1,  p.  558. 

Upper  Helderberg. 

[Calymene]  anchiops  Green,  1832 ;  Mou.  Tril.  N.  A.,  p.  35,  cast  7. 

Syn.,  A$aphu9  latioostatus  Green,  1832;  Monthly  Am.  Jour.  Geol.,  vol.  1,  p.  559. 
Aaaphus  latico$tatu9  Green,  18^)2;  Mon.  Tril.  N.  A.,  p.  45,  cast  13. 

IPhaeopa']  anchiops  Burraeister,  1843 ;  Org.  Trilobiten,  p.  90  (Ray  Soc.  edition). 

IPhaoapa']  anchiops  Hall,  1851 ;  Rept.  Geol.  Lake  Superior  Land  Dist.  (Foster 

and  Whitney),  pt.  2,  p.  224,  pi.  35,  figs.  3  a,  3  b.    (See  Dalmanites  anchiops 

var.  annatus.) 

IDalmania]  anchiops  Hall,  1861 ;  Des.  New  Species  Fossils,  p.  55. 

[Dalmanid]  anchiops  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  83. 
anchiops  Hall,  1876 ;  Hlus.  Devonian  Foss.  Crust.,  p.  9,  figs.  1,  3-6,  9,  10,  12, 

13 ;  pi.  10,  figs.  6-14. 
IChasmopa^  anchiops  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  59,  pi.  9,  figs.  1-6, 

10,  12,  13 ;  pi.  10,  figs.  1-14. 

[Dalfnania]  anchiops  var.  armatus  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  56. 

IDalmania]  anchiops  var.  armatus  Hall,  1862;  15th  Rept.  New  York  State 

Cab.  Nat.  Hist.,  p.  84. 
anchiops  yar.  armatus  Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  pi.  9,  figs.  2, 

7,8. 
IChasmops']  anchiops  var.  armatus  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  62,  pi. 

9,  figs.  7-9 ;  pi.  10,  fig.  14. 
[C7A<i«mop«]  anchiops  var.  sobrinus  Hall,  1888;  Pal.  New  York,  vol.  17,  p.  62, 

pi.  9,  fig.  11. 
lOdontoeephalus'}  arenarius  Meek  and  Worthen,  1868 ;  Geol.  Survey  Illinois,  voL 

3,  p.  417,  pi.  9,  fig.  10.    (See  Dalmanites  selenurus.) 
lAsaphual  aspectans  Conrad,  1841 ;  5th  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 

Survey,  p.  48,  fig.  9.  Upper  Helderberg. 

Syn.,  Asaphitsf  denticulaiua  Conrml;  idem.y  p.  48. 
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Dalmanites  {Dalmania'i  aspectans  Hall,  1861 ;  Des.  New  Species  Foes.,  p.  60  (Iq 
error  D.  ad$peetan9), 

[Dalmania'i  aspectans  Hall,  1862 ;  15th  Kept.  New  York  State  Cab.  Nat.  Hist., 

p.  88  (in  error  D,  adapecians), 
Syn.,  Balmania  helena  Hall,  1861 ;  Des.  New  Species  Foes.,  p.  61. 

Dalmania  Helena  Hall,  1862 ;  15th  Kept.  New  York  State  Cab.  Nat.  Hiat., 

p.  89. 
Dalmanit€8  ohioensis  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  91. 
DaJmanitea  ohioeHsia  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  234,  pi.  23,  fig.  1. 
DalmaniU8  denticulatus  Hall,  1876 ;   Illiis.  Devonian  Foss.  Crust.,  pL  10, 

fig.l.  ' 

aspectans  Hall,  1876 ;  Illus.  Devonian  Foss.  Crust.,  pi.  13,  figs,  6-8. 

Syn.,  helena  Hall,  1876 ;  IHus^.  Devonian  Foss.  Crust.,  pi.  13,  figs.  13,  14. 
ICoronural  aspectans  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  33,  pi.  12,  figs. 

1-11,  13. 

ICryphama'i  harrisi  Hall.    (See  CryplUBUs  barrisi  Hall.) 

— r—  bebryz  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  62,  fig.  8.  Trenton. 

bebryac  Billings,  1863;  Geol.  Canada,  p.  187,  fig.  185. 

IDalmania]  bifida  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  63.    Upper  Helderberg. 

IDalmanial  bifida  Hall,  1862;  15th  Kept.  New  York  State  Cab.  Nat.  ^ist.,  p. 

91. 
iOdontocephalwt']  bifida  Hall  and  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  53,  pi. 

11  b,  figs.  22-25. 
Compare  Dalmaniiea  cegeria  Hall. 

{,Dalmanid\  hoothU    (See  Cryphasos  boothi  Green.) 

bioomis  Hall,  1875;   28th  Kept.  New  York  State  Mns.  Nat.  Hist.  ExpL,  pi.  33, 

fig.  18.  Niagara. 
blcomis  Hall,  1879;  28th  Rept  New  York  State  Mus.  Nat.  Hist.,  p.  196,  pi.  33, 

fig.  18. 
Ucomis  Hall,  1882;  11th  Aon.  Bept.  Geol.  Nat.  Hist.  Indiana,  1881,  p.  342,  pi. 

35,  fig.  18. 
breviceps  Hall,  1866;  24th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  223,  pi.  8, 

figs.  15,16.  Hudson. 

breviceps  Miller,  1874;  Cincinnati  Quart.  Jonr.  Sci.,  vol.  I,  p.  143. 

breviceps  Hall  and  Whitfield,  1875 ;  PaL  Ohio,  vol.  2,  p.  108,  pi.  4,  figs.  15, 

16. 
[  Phaoop*^  callicephalns  HaU,  1847 ;  Pal.  New  York,  vol.  1,  p.  247,  pi.  65,  figs. 

3  ar-3  i.  Trenton. 

—  [  Fhacopfi]  callicephalns  HaU,  1851 ;  Rept.  Geol.  Lake  Superior  Land  Dist 

(Foster  and  Whitney),  vol.  2,  p.  212,  pi.  3,  figs.  3  a,  3  b. 
— ^  [  Phacop9'\  callicephalns  Knimons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  214,  pL 

15,  figs.  7, 7  a. 

[  DaliMknia^  ealliteUa.    (See  Cr3rpha9as  calllteles). 

[  Dalmania]  calypso  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  61. 

Upper  Helderberg. 
IDalmania]  calypso  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  89. 
— -—  calypso  Hall,  1876;  Illus.  Devonian  Foss.  Crust.,  pi.  13,  figs.  1,2. 

[^Chasnwpa]  calypso  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  4,  pi.  16a,  fig.  1. 

?  cayahogoe  Claypole,  1884;  Geol.  Mag.,  vol.  1,  p.  305,  figure.     Carboniferous. 

?  cayahogoe  Woodward,  18H4 ;  Mon.  Brit.  Carboniferous  Tril.,  p.  79,  figure. 

carleyi  Meek,  1872;  Am.  Jour.  Sci.,  3d  series,  vol.  3,  p.  424.  Hudson. 

carleyi  Meek,  1873;  Pal.  Ohio,  vol.  1,  p.  170,  pi.  14,  tigs.  2a-2d. 

carleyi  Miller,  1874  ;  Cinciuuati  Quart.  Jour.  Sci.,  vol.  1,  p.  142. 

— —  \^Dalma/nia]  caudata  (Brong.;  Roemer.    (See  Dalmanites  limulunis  Green.) 
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Dalmanites  ICrypJuBua']  comis.    (See  Cryphaeus  oomiB  Hall.) 

concixmua  Hall,  1876 ;  lUus.  DevoDian  Fobs.  Crust.,  pi.  10,  figs.  ^-5.    Schoharie. 

IHausmannia']  concimiaB  Hall,  1888 ;  Pal.  New  York,  toI.  7,  p.  30,  pi.  11  a,  figs. 

9-11. 
IHausmannia']  conoinniiB  var.  sexmla  Hall  and  Clarke,  1888;  Pal.  New  York, 

vol.  7,  p.  30,  pi.  11  a,  fig.  12. 

JiDalmania]  coronatns  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  58. 

Upper  Helderberg. 
lDalmania'\  coroaatna  Hall,  1862;  15th  Sept.  New  York  State  Cah.  Nat.  Hiet., 

p.  86. 
coronatns  Hall,  1876 ;  Hlns.  Devonian  Foss.  Crust.,  pi.  12,  figs.  15-17 ;  pi.  13, 

fig.  5. 
lOdontoc^halMfi  coronatns  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  54,  pi.  11  b, 

figs.  1^14. 

danaB  Meek  and  Worthen,  1865;  Proc.  Acad.  Nat.  Soi.  Phila.,  p.  264.     Niagara. 

danas  Meek  and  Worthen,  1868;  Pal.  Illinois,  vol.  3,  p.  363,  pi.  6,  figs.  1  ar-lf. 

dentata  Barrett,  1876 ;  Am.  Jour.  Sci.,  3d  series,  vol.  11,  p.  200,  plate. 

Lower  Helderberg. 

dentata  Barrett,  1676;  Am.  Jour.  Sci.,  3d  series,  vol.  12,  p.  70. 

ICorycephalns']  dentatns  Hall  and  Clarke,  1888;  Pal.  Now  York,  vol.  7,  p.  58, 

pi.  11  a,  figs.  4-6. 
lAeaphusf]  denticnlatns  Conrad,  1841 ;  5th  Rept.  Pal.  Dept.  New  York  Qeol. 

Survey,  p.  48. 

Lower  Helderberg. 

denticnlatns  Hall,  1876 ;  XUus.  Devonian  Foss.  Crust.,  pi.  10,  fig.  1. 

IPluBtan'i  denticnlatuB  Meek,  1877;  U.  S.  Geol.  Ezpl.  40th  Par.,  vol.  4,  p.  49, 

pi.  1,  figs.  10  a,  b. 

emarginatns  Hall,  1876;  lUus.  Devonian  Foss.  Crust.,  pi.  10,  fig.  2. 

Upper  Helderberg. 
ICoranura'i  emarginatns  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  40,  pi.  11  a,  figs. 

7,  8. 

epicrates  Billings,  1863 ;  Proc.  Portland  Soc.  Nat.  Hist.,  vol.  1,  p.  119,  pi.  1,  fig.  21. 

IDalmania']  erlna  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  62. 

Upper  Helderberg. 

IDalmania}  erina  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  90. 

erina  Hall,  1876 ;  lllus.  Devonian  Foss.  Crust.,  pi.  13,  figs.  3,  4. 

IChasmopa]  erlna  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  67,  pi.  11,  figs.  16-18. 

Upper  Silurian. 

IDahnania']  helena.    (See  Dalmanites  aspectans.) 

intermedins  Walcott,  1877;  Advance  sheets  3l8t  Rept.  New  York  State  Cab. 

Nat.  Hist.,  p.  17.  Trenton. 

intermedins  Walcott,  1879;  31st  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  69. 

IPhacops  f  ]  laticauda  HaU,  1847 ;  Pal.  New  York,  vol.  I,  p.  248,  pi.  64,  fig.  3. 

lAsaphus']  limnlnrus  Green,  1832;  Monthly  Am.  Jour.  Qeol.,  vol.  1,  p.  559. 

Niagara. 

lABaphus]  limnlnrus  Qreen,  1832;  Mon.  Tril.  N.  A.,  p.  48,  cast  16. 

IPhaoops']  limidnms  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  303,  pi.  67,  figs.  1-8. 

Syn.  IDalmania']  caudato  (Brong.)Roemer,  1860;  Die  sil.  Fauna  W.  Teun.,p.82, 

pi.  5,  fig.  21. 

IDalmania']  logani  Hall,  1860;  Canadian  Naturalist,  vol.  5,  p.  156,  fig.  18. 

Silurian. 
— —  IDalmania]  macrops  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  59. 

Upper  Helderberg. 
IDalmania]  macrops  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  87. 
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DalmanitoB  macrops,  1876 ;  IIlus.  Deyonian  Foss.  Cmst.,  pi.  13,  figs.  9, 10. 

IChasmops'}  macrops  Hall,  1888;  Pal.  New  York,  vol,  7,  p.  68,  pi.  11  a,  figs. 

14, 15.  , 

macroura  ?  (SJogr.)  Billings,  1866;  Catalogue  Sil.  Fobs.  Anticosti,  p.  61. 

IDalmania^  meta  Ha]l,  1862;  Geol.  Wisconsin,  vol.  1,  p.  433. 

meeki  Waloott,  1884;  Pal.  Eareka  Dist,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  207, 

pi.  17,  figs.  5-5  a,  b  (not  fig.  5  c). 
(nudetermined  sp.)  Meek,  1877 ;  U.  8.  -Geol.  £zpl.  40tfa  Par.,  vol.  4,  p.  48,  pi.  1, 

figs.  11,  11  a. 

[HaiMmafinta]  meeki  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  11  a,  figs.  28-^. 

lAsaphua^  micmrus  Green,  1^ ;  Monthly  Am.  Jour.  Geology,  p.  559,  pi.  14, 

fig.  3.  Lower  Helderberg. 

lA»aphM»'\  micmruB  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  56,  cast  19,  pi.,  fig.  3. 

IDalmania]  micmrus  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  359,  pi.  75,  figs.  13-18. 

lAsaphM"]  myrmecophoniB  Green,  1835 ;  Am.  Jour.  Soi.,  1st  series,  vol.  23,  p. 

397.  Upper  Helderberg. 

lAsaphua']  myrmecopliorus  Green,  1835 ;  Suppl.  Mon.  Tril.  N.  A.,  p.  16,  oast  40. 

IDalmanid]  myrmecophorus  Hall,  1861;  Des.  Now  Species  Fobs.,  p.  60. 

IDalmania'i  myrmecophorua  Hall,  1862 ;  15tli  Kept.  New  York  State  Cab.  Nat. 

Hist.,  p.  88. 

myrmecophoms  Hall,  1876;  Illus.  Devonian  Fobs.  Crust.,  pi.  13,  figs.  15, 16. 

lC4>ronura']  myimeoophoma  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  37,  pi.  11  a, 

fig.  13 ;  pi.  13,  fig.  12 ;  pi.  14,  figs.  1-6 ;  pi.  15,  figs.  l'-4. 
•  lAM,pku$'\  naantus  Conrad,  1841 ;  5th  Kept.  Pal.  Dept.  New  York  Geol.  Survey, 

p.  48.  Lower  Helderberg. 

[Dalmonia]  nasutna  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  362,  pi.  75,  fig.  2 ; 

pi.  76,  figs.  1-9. 

IDalmanitei]  ohioensis,    (See  Dalmauitea  aapectana.) 

IHawmuMnia^  phacoptyz  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  31,  pi.  11  a, 

figs.  23-29.  Upper  Helderberg. 

IDalmama"]  pleione,    (See  Cr3rpli8BiiB  pleione.) 

lAsaphus'i  pleoropteryz  Green,  1832 ;  Monthly  Jour.  Geol.,  vol.  1,  p.  559. 

Lower  Helderberg. 

lA8aphu92  pleuropteryz  Green,  1832 ;  Mon.  Tril.  N.  A.,  'p.  55,  cast  18. 

IDalmania']  pleoropteryx  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  356,  pi.  74,  figs. 

5(^)  9(T)  (not  figs.  1-4,  6-8,  10-12),  pi.  75,  fig.  I. 

IHau&mannki'}  pleoropteryx  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  28,  pi.  9, 

figs.  1-3. 

ICoryc&phalua']  pygmsena  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  56,  pi.  11,  figs. 

6-8.  Upper  Helderberg. 

regalia  Hall,  1876;  Illus.  Devonian  Foss.  Crust.,  pi.  11,  figs.  1-4. 

Upper  Helderberg. 

ICoryeephalus']  regalia  Hall,  1888;  Pal  New  York,  vol.  7,  p.  55,  pi.  11, figs.  1-4. 

lAtaphual  aelennraa  Eaton,  1832;  Geological  Text  Book,  p.  31,  pi.  1,  fig.  1. 

Upper  Helderberg. 

lA9aphu8'}  aelenuma  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  46,  casts  14  and  15. 

Syn.,  Caljfmenet  odontooephala  Oreeti,  1835;  Suppl.  Mon.  Tril.  N.  A.,  p. 9, cast 36. 
Calymenet  odontoo^hala  Green,  1835;  Am.  Jour.  Sci.,  1st  series,  vol.  25,  p. 
334. 

lOdontoo^haluB']  aelennma  Conrad,  1840;  3d  Rept.  PaL  Dept.  New  York  Geol. 

Survey,  p.  204. 
lOdontooepkalus']  aelenuma  Vanuxem,  1842;  Geol.  New  York,  3d  Geol.  Dist., 

pp.  139, 140,  fig.  1. 
lOdonioo^halfu'i  aelenuma  Hall,  1843;  Geol.  New  York,  4th  Geol.  Dist.,  p.  175, 

fig.  1. 
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Dalmanites  IDahnania]  seleuurus  Hall,  1859;  12th  Rept.  New  York  State  Cab. 

Nat.  Hist,  p.  8H. 

[Dalmania']  aelenorus  Hall,  1861 ;  Des.  New  Species  Foes.,  p.  56. 

IDalmania'i  aelenunu  'Hall,  1862 ;  15tli  Rept.  New  York  State  Cab.  Nat.  Hiat., 

p.  84. 
Syn.,  Odoniocephalust  {Dalfnanites-Odontooephalw)  arenariua  Meek  and  Worthen, 
1868;  Geol.  Survej  Illinois,  vol.  3,  p.  416,  pi.  9,  fig.  10, 

aelenuma  Hall,  1876 ;  Illa».  Devonian  Foss.  Crnst.,  pi.  12,  figs.  12-14. 

lOd&ntocephaliu'\  aelenuma  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  49,  pi.  11  b,  figs. 

15-21 ;  pi.  12,  figs.  1-13. 

[Dalmania}  tridena  Hall,  ^859;  Pal.  New  York,  vol.  3,  p.  361,  pL  75,  figs.  3-6. 

Xower  Helderberg. 
. IDalmania]  tridentifera  Shnmard,  1855;    Ist  and  2d  Geol.  Repts.  Missouri, 

p.  199,  pi.  B,  figs.  8  a-c.  Lower  Helderberg. 

tridentifera  Meek  and  Worthen,  1868;  Pal.  Illinois,  vol.  3,  p.  391,  pi.  7,  ^g,  16. 

troosti  Safford,  1869 ;  Geol.  Tennessee,  p.  290.    (See  Chaamopa  trooati  Safiford.) 

Nashville. 
IDalmania']  verrucoaua  Hall,  1863;  Trans.  Albany  Inst.,  vol.  4,  p.  218.    (Ab- 
stract published  May,  1863,  p.  24.)  Niagara. 
verrucoaua  Hall,  1875;  28th  Rept.  New  York  State  Mns.  Nat.  Hist.,  pi.  2.3,  figs. 

&-17,  13-15.    Museum  ed.,  1879,  p.  195,  pi.  23.  fig.  &-17;  pL  34,  figs.  13-15. 
verrucoaua  Hall,  1882;  11th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  341, 

pi.  35,  figs.  5-17 ;  pi.  36,  figs.  13-15. 

vigUana  Hall,  1861 ;  Rept.  Progress  Wisconsin  Geol.  Survey,  p.  51.        Niagara. 

IDalmania'i  vigilana  Hall,  1867 ;  2Pth  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  335,  pi.  21,  figs.  16-18. 
IDalmania'l  vigilana  Hall,  1870;  20th  Rept. New  York  State  Cab.  Nat.  Hist.  (2d 

ed. ),  p.  426,  pi.  21,  figs.  16-18. 
vigilana  Hall,  1875;  28th  Rept.  New  York  State  Mns.  Nat.  Hist.  Ezpl.,  pL  33, 

figs.  1-4. 
vigilana  Hall,  1879;  28th  Rept.  New  York  State  Mns.  Nat.  Hist.  (Mns.  ed.),  p. 

193,  pi.  33,  figs.  1-4. 
vigilana  Hall,  1882 ;  11th  Ann.  Rept.  Geol.  Nat.  HUt.  Indiana,  1881,  p.  339,  pL  35, 

%s.l-4;  pi.  33,  fig.' 9. 

werthnerl  Foerste,  18rJo ;  Bnll.  Denison  Univ.,  vol.  1,  p.  116.  Clinton. 

wertlmeri  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  109,  pi.  8,  figs.  22-25. 

Dicellocephalua    (See  Dikelocephalua.) 

DikelocephaluB  Owen,  1852 ;  Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

p.  573. 
Type,  Dikelocephalua  minneeotenaia  Owen. 

Syn.,  Centropleura  Angelin,  1854 ;  Pal.  Scand.,  p.  87,  pi.  41,  figs.  9-11. 
This  generic  term  has  sometimes  been  spelled  Dicellocephalua, 

afiSnia  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  197, fig.  183  a,  b.  Quebec, 

?  anguatifrona  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8. 

p.  42,  pi.  10,  figs.  1, 1  a,  b.     •  Cambrian. 

belli  Billings,  1860 ;  Canadian  Naturalist,  yoL  5,  p.  311,  fig.  7.  Quebec. 

belU  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  403,  fig.  378. 

barabuenaia  Whitfield,  1878;  Ann.  Rept.  Geol.  Survey  Wisconsin,  1877,  p.  63. 

Lower  Magnesian. 

barabuenaia  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  201,  pi.  4,  figs.  6-9. 

Compare  Bathyurus  capax  Billings. 
bUobatuB  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  p.  226,  pi.  2, 

fig.  36.  Potsdam. 
bllobatua  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  40. 


V0GD18.]  CATALOGUE  OF  TRILOBITES.  113 

Dikelocephalas  craAAimarginatna  Whitfield,  1882 ;  Geol.  Wisoousin,  vol.  4,  p.  344, 

pi.  27,  fig.  14.  Potsdam. 

SyD.y  p^jnniBiim  (Hall);  16th  Rept.New  Tork  State  Cah.  Nat.  Hist.  EzpL,  pi.  11. 

fig.  2. 

?  coraz  Billings,  1865;  Pal.  Foes.,  vol.  1,  p.  344,  figs.  322  a,  b.  Qoebec. 

Referred  to  Olenaideet  corax  Walcott,  1884;  Bull.  U.  6.  Qeol.  Sorvey,  No.  30, 

p.  184. 

cxistatua  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  312,  fig.  10.  Qaebec. 

criatatua  Billings,  1865 ;  Pal.  Foes.,  vol.  1,  p.  404,  fig.  384. 

This  species  might  be  referred  to  the  geuas  Dorypyge* 

devinei  Billings,  1865;  Pal.  Foes.,  vol.  1,  p.  195,  figs.  180, 181.  Qaebec. 

eatoni  Whitfield,  1878 ;  Ann.  Kept.  Geol.  Survey  Wisconsin,  1877,  p.  65. 

Lower  Magnesian. 
eatoni  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  202,  pi.  4,  figs.  11-17;  pi.  10, 

figs.  4, 5. 
?  ezpanaua  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Hon.  U.  S.  Geol.,  Survey,  vol.  8,  p. 

89,  pi.  9,  fig.  19.  '  Cambrian. 
finalia  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol,  Snrvey,  vol.  8,  p.  89, 

pi.  12,  figs.  12  a,  b.  Pogonip. 

flabelliliBr  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  voL  4,  p.  227, 

-    pi.  2,  figs.  29, 30.  Potsdam. 

ftagricauduM  White.    ( See  Olenoidea  ?  flagricauda'. ) 

•^^  f  gothums  Hall  and  Whitfield.    (See  Dorypyge  gothicna.) 

hiaingeTl  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  196,  fig.  182.  Qnebec. 

inezpeotana  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Qeol,  Snrvey,  vol.  H, 

p.  90,  pf.  1,  fig.  10.  Pogoni]). 

f  iawetm$  Owen.    (See  Crepicephalua  iowenaia  (Owen)  Walcott.) 

iole  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  OteoL  Survey,  vol.  8,  p.  4:^ 

pi.  10,  fig.  19.  Cambrian. 

latifrona  Shumard,  1863;  Trans.  Acad.  Sci.  St.  Louis,  vol.  2,  p.  101.     Potsdam. 

lodenaia  Whitfield,  1880;  Ann.  Kept.  Geol.  Survey  Wisconsin,  1879,  p.  51. 

Potsdam. 
lodenaia  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  188,  pi.  10,  fig.  14 ;  p.  341, 

pi.  27,  figs.  12, 13. 
magnifioua  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  307,  fig.  5  (Eemophu- 

rides  nuignifioue  Billings,  1865;  Pal.  Foss.,  vol.  1^  p.  294).  Qaebec. 

magnifioua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  399,  fig.  376. 

?  maroooi  Whitfield,  1884 ;  Bull.  Am.  Mas.  Nat.  Hist.  New  York,  vol.  1,  p.  150, 

pi.  14,  fig.  7.  Potsdam. 

Referred  to  OUnoides  marcaui  W&lcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30, 

p.  186,  pi.  26,  figs.  5,5  a,  b. 
marica  Walcott,  1884 ;  Pal.  Eureka  Diet.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  44, 

pi.  10,  fig.  13.  Cambrian. 

megalop  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  311,  fig.  9.  Quebec. 

megalop  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  403,  fig.  380. 

miniscaenais,    (See  Ptychaapia  miniacaenaia.) 

minneaotenaia  Owen.  Cambrian. 

A  very  large  sp.  Aaaphua  Owen,  1848;  Rept.  Gool.  Reconnoissance  Chippewa 
Land  Dis.,  p.  15,  p).  7,  figs.  2,3. 
minneaotenaia  Owen,  1852;  Rept.  Geol.  Snrvey  Wisconsin,  Iowa,  and  Minne- 
sota, p.  574,  pi.  1,  figs.  2, 10;  pi.  10,  figs.  3,  6. 
minneaotenaia  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  13H, 

pi.  9,  figs.  5-10 ;  pL  10,  figs.  10-12 ;  pi.  11,  figs.  1-4, 6. 

BqU.  63 8 
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DlkelocephaluB  minneaotenflis  var.  Umbatus  Hall,  1863;  16th  Rept.  New  York 

State  Cab.  Nat.  Hist.^.p.  141,  pi.  9,  fig.  12. 
minnesoteDais  var.  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 

141,  pi.  9,  fig.  11 ;  pi.  10,  fig.  9. 

minnesotenais  Winchell,  1864 ;  Am.  Jour.  Soi.,  2d  series,  vol.  37,  p.  229. 

mixmesotenBiB  WJiitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  187,  pi.  3,  fig.  1. 

miaa  Hall,  1863;  16th  Rept.  State  Cab.  Nat.  Hist.,  p.  144,  pi.  8,  fig.  15 ;  pi.  10, 

figs.  4-8.  Potedam. 

misaisquoi  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  199.  Qaebec. 

multicinotas  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p. 

226,  pi.  2,  fig.  .37.  Potsdam. 
nasutua  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  40, 

pi.  10,  fig.  15.  Cambrian. 
oaceola  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  146,  pi.  7, 

fig.  49 ;  pi.  10,  fig.  18.  Potsdam. 
oaceola  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  40, 

pi.  9,  fig.  25. 

oweni  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  310,  fig.  8.  Quebec. 

o^reni  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  402,  fig.  379. 

pauper  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  200.  Quebec. 

pepinenaia  Owen,  1852 ;  Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

p.  574,  pi.  1,  figs.  9,  9  a;  pi.  1  a,  fig.  7.  Potsdam. 
pepinenaia  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  142,  pL9, 

figs.  1>4;   pi.  10,  figs.  13-17.    (Expl.,  pi.  11,  fig.  2.    See  DioeUocephalna 

craaaimarginatua. ) 

pepinenaia  Winchell,  1864 ;  Am.  Jour.  Sci.,  2d  series,  vol.  37,  p.  1029. 

planifrona  BiUiDgs,  1860;  Canadian  Naturalist,  vol.  5,  p.  309,  fig.  6.      Quebec,. 

planifrona  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  401,  fig.  377. 

^— •  quadricepa.    (See  Dor3rpyge  qnadxicepa.) 

-: —  richmondenaia  Walcott,  1884  ;  Pal.  Eureka  Dist.,  Mon.  \J.  S.  Geol.  Survey,  vol. 

8,  p.  41,  pi.  10,  fig.  7.  Cambrian. 

roemeri  Shumard,  1861 ;  Am.  Jour.  Sci.,  2d  series,  vol.  32,  p.  220.         Potsdam. 

aelectua  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  199.  Qaebec. 

aelectua  Billings,  1865;  Pal.  Foss.,  Vol.  1,  p.  198.    (See  Ptychaapia  aeleotua.) 

apiniger  Hall,  18G3;  16lh  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  143,  pi.  10, 

figs.  1, 2, 3  (f ).  Potsdam. 

wahsatchenais,    (See  Olenoidea  wahaatchenaiB.) 

Dionide  Barrande,  1847 ;  Neues  Jahrbuch  fUr  Mineral.,  vol.  4,  p.  391. 
Type,  Dionide  formoaa  Barraude. 

Syn.,  Dione  Barrando ;  Notice  Pr61im.  Sil.-Syst.  BohAme,  p.  33. 
Folytomuma  Corda,  1847 ;  Prodr.,  p.  153. 

?  perpleza  Billings,  1866 ;  Catalogue  Sil.  Foss.  Anticosti,  p.  67. 

Dipleura  Green,  1832;  Mon.  Tril.  North  America,  p.  79.     (See  Homalonotua  de- 

kayi.) 
Viscranurua  Conrad,  1841 ;  5th  Rept.  Pal.  Dept.  New  York  Geol.  Survey,  p.  4S.    (See 

AcidaBpia  hamata. ) 
DolichometopuB  Angelin,  1854;  Palaeont.  Scand.,  p.  72. 
'^ypcj  Dolichon^iopua  avecicua  Aug. 

?  convezuB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  269,  fig.  253.  Quebec. 

?  gibbemilua  Billings,  1865 ;  Pal.  Foss. ,  vol.  1 ,  p.  269,  fig.  254,  Quebec. 

?  rarua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  352,  fig.  308.  Quebec. 

Dorypyge  Dames,  1684 ;  China  (Richthofen),  vol.  4,  p.  23. 
Type,  Dorypyge  richthofeni  Dames. 

IDikelooephalua'i  criatatua  Billings,  1865 ;  Pal.  Foss.,  vol.  1, p.  404,  fig.  .384. 

Cambrian. 
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JOorypyge  IDikelocephalusfi  gothlcus  Hall  and  Wbitfield,  1877;  U.  S.  Geol.  Expl. 
40th  Par.,  vol.  4,  p. 242,  pi.  1,  fig.  36.  Potsdam. 

gothicus  Dames,  18-4;  China  (Richthofen),  vol.  4,  p.  23. 

lDiceUoo€phalu8f'\  gothicus  Walcott,  1884;  Pal.  Enreka  Dist.,  Mon.  U.  S.Geol. 

Survey,  vol.  8,  p.  45,  pi.  9,  fig;  24.    Referred  to 

lOhnoides'i  gothious  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  vol.  30,  p.  187,  pi. 

29,  figs.  1,1  a-c. 

IDikelocephalua^  quadriceps  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.  40th 

Par. ,  vol.  4,  p.  240,  pi.  1,  tigs.  37-40.  Cambrian . 

IDicellocephalue']  quadriceps  Walcott,  1884;  Pal.  Eureka  Diet.,  Mon.  U.  S.  Geol. 

Survey,  vol.  8,  p.  45,  pi.  9,  fig.  24. 

quadriceps  Dames,  1884 ;  China  (Richthofen),  vol.  4,  p.  23.    Referred  to 

lOlenoides']  quadriceps  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  187,  pi. 

•  29,  figs.  1, 1  a-c. 
I>yBplaxius  Burmeister,  1843;  Organization  of  Trilobites  (Ray  Soc.  ed.,p.  205). 

Type,  Dysplanus  centrotu$  Dalman. 
Sllipsoceplialus  Zenker,  1833 ;  Beitrage  Naturgeschichte  der  Urwelt,  p.  51. 
Type,  ElHpsocephaluB  hoffi  Bronn. 

curtus  Whitfield,  1878;  Ann.  Rept.  Geol.  Wisconsin,  1877,  p.  58.  Potsdam. 

curtus  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  191,  pi.  1,  fig.  18. 

ZSliptopephalus  Emmons,  1844;  Taconic  Syst.,  p.  21,  figs.  1-3. 

asaphoidta.    (See  Olenellus  asaphoides  Emmons.) 

Eznbolimus  Rominger,  1887 ;  Proo.  Acad.  Nat.  Sci.  Phila.,  p.  16.    (See  Zacanthoides 
Walcott.) 

roiundaia.    (See  Bathyuriscus  howelli.) 

apinaaa.    (See  Olenoides  spinosus.) 

XSnorinuras  Emmrich,  1844 ;  Znr  Natnrg.  Trilobiten,  p.  16. 
Type,  Encrinurua  punotatua  Briinnich. 

americanus  Vogdes,  1886;  Des.  New  Cmst.  Clinton  Group  Georgia,  p.  1. 

Clinton, 
americanus  Foerste,  1887;  Bnll.  Denison  Univ.,  vol.  2,  p.  102. 

-  deltoideus  Shnraard,  1855;  Geol.  Missouri,,  p.  198,  pi.  B,  fig.  10. 

Upper  Silnrian* 

'  {.Crypionymua']  deltoideus  Vogdes,  1878;  Mon.  Genera  Zethus,  etc.,  p.  21. 

-  deltoideus  Foerste,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  102. 

-  eganl  Miller,  1879;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  2,  p.  254,  pi.  15,  figs. 
1,  1  a,  b.  Niagara. 

-  elegantulus  Billings,  1866 ;  Catalogue  Sil.  Foss.  Anticosti,  p.  62. 

-  elegantulus  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  102. 

-  excedrenaia  Safford.     (See  Encrinurus  varicostatus  Walcott.) 
Syn.,  exctdrenaia  Safiford,  1869;  Geol.  Tennessee,  p.  290. 
.  mirus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  292,  fig.  282.  Quebec. 

-  {_Cryptonymna'\  mirus  Vogdes,  1878 ;  Mon.  Genera  Zethus,  etc.,  p.  34. 

-  [Amphion']  multisegmentatus  Portlock,  1843;  Geol.  Londonderry,  etc.,  p.  291, 
pi.  3,  fig.  6. 

-  multisegmentatus  Salter;  Mem.  Geol.  Survey  United  Kiugdom,  decade  7, pi.  4. 
multisegmentatus  Billings,  1866 ;  Catalogue  Sil.  Fobs.  Anticosti,  p.  61. 
iCryptonymua']  multisegmentatus  Vogdes,  1878 ;  Mon.  Genera  Zethus,  etc.,  p.  29. 
nereus  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  :r75,  pi.  21, 

fig.  15.  Niagara. 

nereus  Hall,  187(>;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  425,  pi.  21, 

fig.  15. 
[^Cryptonymua']  nereus  Vogdes,  1878 ;  Mon.  Genera  Zethus,  etc.,  p.  24,  pi.  3,  fig.  17. 
omatus  Hall  and  Whitfield,  1875;  Pal.  Ohio,  vol.  2,  p.  154,  pi.  7,  fig.  16. 

Niagara. 
Syn.,  Cyhele punctata  nal\jlSo2;  Pal.  New  York,vol.2,p.297,i^\.Kefe,^'5j^A^^- 
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Encrinunis  lCrjfpionymu8'\  omatus  Yogdes,  1878;  Hon.  Genera  Zethiis,  etc.,  p.  23. 

oznatus  Foerste,  1887 ;  Bull.  Denisou  Univ.,  vol.  2,  p.  102. 

punotatus  (Brllnnich)  Billings,  IQGGt;  Catalogue  Sil.  Fobs.  Antioosti,  p.  61. 

threahezl  Foerete,  1887 ;  Ball.  Denison  Univ.,  vol.  2,  p.  101,  pi.  8,  fig.  26. 

Clinton. 

—  trentonensis  Walcott,  1877 ;  Advance  sheets  31st  Rept.  New  York  State  Mus. 

Nat.  Hist.,  p.  15.  Trenton. 
trentoneneis  Walcott,  1879 ;  31st  Rept.  New  York  State  Mns.  Nat.  Hist.,  p. 

|S8. 

ICrjfpUmymus']  trentonensis  Yogdes,  1878;  Hon.  Genera  Zethos,  etc.,  p.  28. 

Tailoostatas  Walcott,  1877  ;  Advance  sheets  Slst  Rept.  New  York  State  Mus. 

Nat.  Hist.,  p.  16.  Trenton. 

▼arloostotUB  Walcott,  1879 ;  Slst  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  69. 

ICr^ionymus }  varioostatuB  Yogdes,  1878;  Hon.  Genera  Zethu8,etc.,p.  27^. 

▼arlcoBtatoa  Safford  and  Yogdes,  1889 ;  Proc.  Acad.  Nat.  Sci.  Phlla.,  p.  167, 

figure. 

[Ceraurus'i  vigilana  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  245,  pi.  65,  figs.  2  a-2  h. 

Trenton. 
[Geravrtifl]  vigilans  Emmons,  1855;  Am.  Geology,  vol.  1,  pt.  2,  p.  217,  pi.  15, 

figs.  2  a-2  c. 
[  Cryptonymut'i  vigilans  Yogdes,  1878 ;  Hon.  Genera  Zethas,  etc.,  p.  29;  pi.  2, 

figs.  2  a-2  b. 
Endjfmion  Billings,  1862;  Pal.  Foss.,  vol.  1,  p.  94.    Changed  by  author  to  Bndy- 

mlonia. 
Bndymionia  Billings,  1865;  Paf.  Foss.,  vol.  1,  p.  281. 

meekL  Billings,  1862  ;  Pal.  Fobs.,  vol.  1,  pp.  94  and  281,  fig.  84.  Quebec 

Qrifflthides  Portlock,  1843;  Geol.  Rept.  Londonderry,  etc.,  p.  310. 

Type,  Griffitkides  longicepe  Portlock. 
lPh%lUp$ia  (Griffithide$)'\  bnfo  Meek  and  Worthen^  1870;  Proc.  Acad.  Nat.  Sci. 

Phila.,  p.  52.  Keokuk. 
IPhillipaia  (Griffitkides)']  bufo   Meek  and  Worthen,  1873;  Geol.  Survey  niinois, 

vol.  5,  p.  528,  pi.  19,  fig.  5. 

bufo  Yogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  95,  pi.  3,  figs.  4,5, 10. 

: [ProetiM]  granulatus  Wetberby,  1881 ;  Jour.  Cincinnati  Soo.  Nat.  Hist.,  vol.  4> 

p.  31,  pi.  2,  figs.  8,  8  a,  9,  9  a.  Chester. 

granulatus  Yogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  101. 

IPhillipBia  (Griffitkides  f)]  lodiensis  Meek.     (See  Brachymetopsis  lodiensfs.) 

IPhilUpsw  (Gnffithides)]  portlock!  Meek  and  Wort  ben,  1865;  Proc.  Acad.  Nat. 

Sci.  Pbila.,  p.  268.  Keokuk. 
IPhillipsia  (Griffitkides)']  portlooki  Meek  and  Worthen,  1873 ;  Geol.  Survey  lUi- 

nois,  vol.  5,  p.  525,  pi.  19,  fig.  6. 
portlooki  Walcott,  1684;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

266,  pi.  24,  figs.  4, 4  a,  b. 
portlooki  Yogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  93,  pi.  3,  fig.  9. 

IPkillipsia  (Griffitkides f)]  sangamonensis  Meek  and  Worthen,  lb65;   Pruc. 

Acad.  Nat.  Sci.  Phila.,  p.  270.  Coal  Measures. 

IPkUUpsia  (Griffitkides  f)]  sangamonensis  Meek  and  Worthen,  1873;  Geol.  Sur- 
vey Illinois,  vol.  5,  p.  615,  pi.  32,  fig,  4. 

IPkUUpsia  (Griffitkides  r)'\  sangamonensis  White,  1883;  13th  Rept.  Dept.  Geol. 

Nat.  Hist.  Indiana,  p.  174,  pi.  39,  figs.  4, 5. 

IPkUUpsia']  sangamonensis  Horrick,  1887;  Bull.  Deni^n.  Univ.,  vol.  2,  p.  CI, 

pi.  5,  fig.  13. 

IGriffitkides]  sangamonensis  Yogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4, 

p.  99,  pi.  3,  figs.  7, 8. 

— -  IPkUUpsia  ( Griffitkides)']  soitula  Meek  and  Worthen,  1865 ;  Proc.  Acad.  Nat.  Sci. 
Phila.,  p.  270.  Coal  Measures. 
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ariffithides  IPhilUpsia  {Orijfithides)^  scitula  Meek  and  Worthen,  1673;  Geol.  Survey 
Illinois,  vol.  5,  p.  612.  pi.  32,  fig.  3. 

IPhillipaia  (GHffithidea)^  Bcitola  White,  1883;  13th  Ann.  Kept.  Dept.  Geol.  Nat. 

Hist.  Indiana,  186^,  p.  173,  pi.  39,  figs.  6-9. 

iPkillipsial  aoitula  Meek,  1872;  U.  S.  Geol.  Sarvey  Territories,  Ffhal  Rept.  Ne- 
braska, p.  238,  pi.  6,  fig.  9. 

[F»ilHj>»ia]  scitula  Herrick,  1887  ;  Bull.  Denison  Univ.,  vol.  2,  p.  62. 

acitnla  Vogdes,  1887;  Annals  New  York  Aca^l.  Sci.,  vol.  4,  p.  97,  pi.  2,  figs. 

11-13. 

?  aedaliensis  Vogdes,  1888;  Trans.  New  York  Acad.  Sci.,  vol.  7,  p.  249. 

Waverlv. 

« 

IPkathonideBtl  sedalienais  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  3,  p.  57. 

Gk>ldfnsij,  1839 ;  Nova  Acta  Acad.  Loop.  Carol.,  vol.  19,  p.  358. 


Type,  Harpes  nn^ula  Sternb. 

-  antiqiiatua  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  469,  fig.  38.     Chazy. 

-  antiquatas  Billings,  1863 ;  Geol.  Canada,  p.  133,  fig.  67. 
consuetua  Billings,  1866;  Catalogue  811.  Foss.  Anticostf,  p.  64. 


dentoni  Billinjjs,  1863 ;  Canadian  Naturalist,  vol.  8,  p.  36,  figure.  Trenton. 

dentoni  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  183,  fig.  166. 

ecanabiaB  Hall,  1851 ;  Rept.  Geol.  Lake  Superior  Land  Dist.  (Foster  and  Whit- 
ney), pt.  2,  p.  211,  pi.  27,  fig.  2  a.  Trenton. 

grantl  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  326,  fig.  314. 

ottawenaia  Billings,  1865  ;  Pal.  Foss.,  vol.  1,  p.  182,  fig.  165.  Trenton. 

Haipides  Beyrich,  1846 ;  Untersuch.  Trilobiten,  p.  34. 

atlantictxs  Bfllings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  281,  fig.  267.  Quebec. 

concentricus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  282,  fig.  268.  Quebec. 

?  desertna  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  333,  fig.  321.  Quebec. 

Hansmannia  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  zxxi.    (Subgenus,  see  Dalma- 

nitea.) 
Hemicrupturus  Green,  1832;  Mon.  Tril.  N.  A.,  p.  20. 

clintani,    (See  Calymene  clintoni  Vanuxem.) 

Holometopua  Angelin,  1854 ;  Palasont.  Scand.,  p.  58. 
Type,  Bolometopua  aoionlatuSj  pi.  33,  fig.  5. 

angelini  Billiugs,  1862 }  Pal.  Foss. .  vol.  1,  p.  95,  fig.  85 ;  also  p.  281.  Qnebec. 

Homalonotus  Koenig,  1820;  Icones  Foss.  Sectiles,  p.  4. 
Type,  Homalonotus  hnighti  Koenig,  pi.  7,  fig.  85. 

Syn.,  Brongniartia  Eaton,  1832;  Geological  Text  Book,  p.  32,  pi.  2,  fig.  20  (in 
part). 
Dipleura  Green,  18:32;  Mon.  Tril.  N.  A.,  p.  78;  Monthly  Am.  Jour.  Geology, 

p.  560. 
Trimerus  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  81 ;  Monthly  Am.  Jour.  Geology^ 

p.  560. 
PlcBsiacomia  CoiWa,  1847;  Prodr.,  p.  171. 
Brogniartia  Salter,  1865 ;  Mon.  Brit.  Tril.,  p.  104  (subgenus). 
Burmeiaieria  Salter,  1805;  Mon.  Brit.  Tril.,  p.  105  (subgenus). 
Koenigia  Salter,  1865;  Mon.  Brit.  Tril,  p.  104  (subgenus). 

lAsaphuB']  comigerus  (Schlotheim)  Brong.,  1822;  Crust.  Foss.,  p.  18,  pi.  4,  £g.  10 

(not  pi.  2,  fig.  1). 

lAaaphMB"]  crypturna  Green,  1834;  Trans.  Geol.  Soc.  Pennsylvania,  vol.  1,  p.  37, 

pi.  4.  Devonian. 

lAaaphus  f  ]  crjrpturua  Green,  1835 ;  Suppl.  Mon.  Tril.  N.  A.,  p.  18,  cast  41. 

Syn.,  Asaphus  diimaraio! Honoyman,  1879 ;  Proc.  Nova  Scotia  Inst.,  vol.  5,  p.  18. 

lAsapkusf]  crypturna  Honeyman,  1838;  Proc.  Nova  Scotia  Inst.,  vol.  7,  pt.  1, 

p.  63. 
da'v^aoni  Hall,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  155.  Silurian. 
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Hoxnalonotus  dai^soni  Dawson,  1878;  Acadian  Geology  (3d  ed.),  P-  606.  fig.  214. 

IDijAeura]  dekayl  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  79,  casta  30, 31,  pi.  1,  figs.  8, 9. 

Hamilton. 
Syn.,  Xuttainia  sparsa  Eaton,  1832 ;  Geological  Text  Book,  p.  34. 

Nu4fainia  spana  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  89,  cast  35. 

[DipUura^  dekayi  Vatiuxem,  1842;   Geol.  New  York,  3d  Geol.  DLst.,  p.  150, 

fig.  1. 

iDipleura'i  dekayi  Hall,  1843 ;  Geol.  New  York,  4tli  Geol.  Dist.,  p.  205,  fig.  1 

deka3ri  Emmons,  1860 ;  ManQal  Geology,  pp.  146, 147,  figs.  134, 135. 

dekayi  Hall,  1861 ;  Des.  New  Species  Foss,  p.  85. 

deka3ri  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  113. 

—  dekayi  Hall,  1877 ;  Illus.  Devonian  Foss.  Crust.,  pis.  2-5. 

dekasri  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  7,  pi.  2,  figs.  1-12 ;  pi.  3,  figs.  1-5; 

pi.  4,  figs.  1-7 ;  pi.  5,  figs.  1-4. 
— —  [Trimtfrua']  delphinocephalus  Green,  1832;  Monthly  Am.  Jonr.  Geol.,  vol.  1,  p. 
559,  pi.  0,  fig.  1.  '  Niagara. 

ITrimerus'i  delphiaocephaluB  Green,  1832;  Mon.  Tril.  N.  A.,  p.  82,  pi.  1,  fig.  1, 

oast  32. 

[TVtm^rua]  delphinocephalus  Harlan,  1835;  Trans.  Geol.  Soc.  Pennsylvania, 

vol.  1,  p.  105. 
Syn.,  Brongniariia  platyoephala  Eaton/ 1832;  Geol.  Text  Book,  p.  32,  pi.  2,  fig.  20. 
BrongniarHa plaiycephala  Green,  1832;  Mon.  Tril.  N.  A.,  p.  91. 
Ogygies  laiisima  Eaton,  183 i  ;  Am.  Jour.  Sci.,  Ist  series,  vol.  21,  p.  136  (foot- 
note). 

delphinocephalus  Murchisbn,  1839 ;  Sil.  Syst.,  p.  651,  pi.  7  &m,  figs.  1  a,  1  b. 

Syn.,  Ahr^ndii  Roemer,  1843;  Verst.  Harzzebirges,  p.  39,  pi.  11,  fig.  5. 

delphinocephalus  Hall,  1843 ;  Geol.  New  York,  4th  Geol.  Dist.,  p.  103,  fig.  34. 

delphinocephalus  Verueuil,  Note  snr  la  parall^lisme,  etc.,  p.  47. 

Syn.,  atlcu  Castelnan,  1843;  Syst.  Sil.  de  rAm^r.,p.  20. 
giganteua  Castelnan,  1843 ;  Syst.  Sil.  de  TAm^r. 
Aerctt/a»eiMCaste1nau,  1843;  idem. 

delphinocephalus  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  309,  pi.  68,  figs.  1-14. 

delphinocephalus  Salter,  1865 ;  Mon.  Brit.  Tril.,  p.  113,  pi.  11,  figs.  1-10. 

delphinocephalus  Hall,  1883;  12tb  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana, 

18d2,  p.  332,  pi.  34,  figs.  17, 18. 

delphinocephalus  ?  Hall,  1875 ;  28th  Rept.  New  York  State  Mns.  Nat.  Hist.,  pi. 

34,  figs.  17, 18. 

delphinocephalus  Hall,  1879 ;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  187, 

pi.  32,  figs.  17, 18. 

ITrimeruB]  jacksoni  Green,  1837 ;  Am.  Jour.  Sci.,  1st  series,  vol.  32,  p.  347. 

Devonian. 

major  Whitfield,  1885 ;  Bull.  Am.  Mus .  Nat.  Hist.,  vol.  1,  No.  6,  p.  193,  pi.  22. 

Oriskany.^ 

major  Hall,  1888 ;  Pal.  New  York,  vol .  7,  p.  4,  pi.  5  a,  fig.  1. 

vtnujcemi  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  352,  pi.  73,  figs.  9-14. 

Lower  Helderberg.^ 

vanuzemi  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  11,  pi.  5  b,  figs.  1,2. 

Hopolichas  Dames,  1877;  Zeitschr.  Dentsch.  geol.  Gesell.,  1872,  p.  794. 

Type,  Lichas  {Hopolichas)  iriouspidaia  Beyricb. 
niaenurus  Hall,  1863 ;  16tb  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  176. 
Type,  IV<Bnuru8  quadratua  Hall. 

convexus  Whitfield,  1878 ;  Ann.  Rept.  Geol.  Survey  Wisconsin,  1877,  p.  66. 

Lower  Magnesiau. 

convexus  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  203,  pi.  4,  figs.  3-5. 

eurekensis  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

97,  pi.  12,  figs.  4, 4  a.  Pogonip. 
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niaennrus  quadratus  Hall,  1863 ;  16tb  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  176, 
pi.  7,  tigs.  52-r)7.  Potsdam. 

Ulsenus  Daliuan,  1826 ;  Palasad.,  p.  50. 

Type,  Illamus crassioaudaj  Wahl.,Nova  Acta  Soc.  Scient.  Upsal.,  yol.  8,  p.  8,  pi.  2, 

figs.  5, 6  (not  pi.  7,  figs.  5, 6,  lUamus  esmarki). 
Sjn.,  Actinolohus  Eichwald,  1860. 
Alcesie  Corda,  1847. 

Cryptonymu^  Eichwald,  1825  (in  {>art),  not  Cryptonymua  Eichwald,  1840. 
Deucalion  Stoefaegloif,  1827. 
JEcHlUxntts  Salter,  1866  (Bnbgenus). 
Hydrolanus  Salter,  1866  (subgenns). 
nicenopsis  Salter,  1865  (subgenuB). 
OoiilUxnus  Salter,  1866  (subgenus). 
Thaleops  Conrad,  1843. 

ambiguufl  Foerste,  1885 ;  Bull.  Denison  Univ.,  vol.  1,  p.  106,  pi.  14,  figs.  9  a,  b ; 

fig.  10  a,  b,  c ;  fig.  11.  Clinton. 

ambigutia  Foerste,  1887  ;  Ball.  Denison  Univ.,  vol.  2,  p.  94. 

ambiguuB  Foerste,  1686;  15th  Ann.  Rept.  Oeol.  Nat.  Hist.  Snrvey  Minnesota,  p. 

480,  fig.  3. 

americanus  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  371.  Trenton. 

americanus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  329,  fig.  316  o-d ;  fig.  318. 

anguaticolliB  Billings,  1859 ;  Canadian  Natnralist,  vol.  4,  p.  377,  fig.  10  a-d. 

Trenton. 

arctnrus  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  23,  pi.  4  bis,  fig.  12. 

Cbazy  and  Trenton. 

arcturna  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  235,  pi.  3,  fig.  12. 

arctnras  (Hall)  Billings,  1859  ;  Canadian  Natnralist,  vol.  4,  p.  379. 

arcturus  Billings,  1865  ;  Pal.  Foss.,  vol.  1,  p.  279,  fig.  265. 

armatUB  Hall,  1H67;  20th  Bept.  New  York  State  Cab.  Nat.  Hist.,  p.  330,  pi.  22, 

figs.  1.2.  Niagara. 

armatus  Hall,  1870 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  418,  pi.  22, 

figs.  1,2;  pi.  25,  fig.  22. 

armatua  ?  Hall,  1875;  28th  Rept.  New  York  State  Mns.  Nat.  Hist.,  pi.  32,  figs. 

19,20. 

armatuB?  Hall,  1879;  28th  Reptf  New  York  State  Mus.  Nat.  Hist.,  p.  189,  pi.  32, 

figs.  19, 20.  $ 

armatus  Hall,  1883 ;  12th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  1882,  p.  335, 

pi.  34,  figs.  19, 20  ;  pi.  33,  fig.  12. 

bcuriensis  (March.)  Hall;  Trans.  Albany  Inst.,  vol.  4,  p.  227;  abstract,  p.  33, 

May,  1863. 

barrienals  (Mnrch.)  Roemer,  1860;  Die  sil.'Fanna  W.  Tennessee,  p.  83,  pi.  5, 

fig.  23.  Niagara. 

IBumastuBl  barriensis  (March.),  1839;  Sil.  Syst.,  p.  656,  pi.  7  &t«,  figs.  3  a~d, 

pi.  14,  fig.  7  (in  part). 

barriensis  Salter,  1859 ;  Mnrchison's  Siluria  (2d.  ed.),  pi.  17,  figs.  9-11. 

bayfieldi  Billings,  1859;  Canadian  Natnralist,  vol.  4,  p.  369,  figs.  4-6.       Cbazy. 

olavifrons  Billings,  1859 ;  Canadian  Natnralist,  vol.  4,  p.  379. 

Cbazy  and  Trenton. 

conifrons  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  378,  figs.  7-9.    Trenton. 

oonradi  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  372,  figs.  7-9.    (See  Pan- 

deria  conradi.)  Trenton. 

consimilis  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  277,  figs.  263  a-c ;  p.  331,  fig.  317. 

Compare  Illcenxis  esmarhi  Schlotheim.  Quebec. 

ooDBobrinus  BiUings,  1865;  Pal.  Foss.,  vol.  1,  p.  280,  fig.  268;  p.  332,  fig.  320. 

Quebec. 
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•  • 

nicenuB  cormgerus  Hall,  18T2;  S4tli  Ropt.  New  York  State  Cab.  Nat.  Hist.,  p.  186, 

pi.  13,  tigs.  20, 21.  CHnton. 
lEntomosiracetes']  crassicauda  Wahlenberg,  1621 ;  Nova  Acta  Soc.  Scieot.  Upsal., 

vol.  8,  p.  27,  pi.  2,  figs.  5, 6  (not  pi.  7,'  figs.  5, 6). 
craasicauda  Holm,  1882;   Svenska  Vet.-Akad.  Handl.,  vol.  7,  No.  3,  pi.  2, 

figs.  21-27. 
Graaaicauda  ?  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  24,  pi.  4  ftta,  fig.  13 ;  pi.  60, 

figs.  4  a-d. 
craaalcauda  (Wahl.)  Meek  and  Worthen,  Geol.  Survey  IlliDois,  vol.  3,  p.  322, 

pi.  3,  figs.  1  a-1  b. 
Compare  Illtenus  conaimilis  and  J.  eamarckii, 
—  ouniculua  Hall,  1667 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  377,  pi.  22, 

^g,  12.  Niagara. 
cuniculuB  Hall,  1870 ;  20tb  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  421,  pi.  22, 

fig.  12(rev<  ed.). 

daytonenaia  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  119,  pi.  5,  figs.  14-16. 

Clinton. 
daytonenaia  Foerste,  1885 ;  Bnll.  Denison  Univ.,  vol.  1,  p.  104,  pi.  14,  figs.  4  a, 

b ;  figs.  6,  7, 7  a,  b,  c. 

daytonenaia  Foerste,  1887;  Ball.  Denison  Univ.,  vol.  2,  p.  93,  pi.  8,  figs.  1-7. 

fratemua  Billings,  1865 ;  Pal.  Fobs.,  vol.  1,  p.  276,  figs.  262  a,  b.  Quebec 

globoaus  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  367,  figs.  1-3.       Cfaazy. 

IBumaatus'i  graftonenaia  Meek  and  Worthen,  1870 ;  Proc.  Acad.  Nat.  Sci.  Phila., 

p.  54. 
IBumMtuB'i  graftonenaia  Meek  and  Worthen,  1875 ;  Geol.  Survey  Illinois,  voU 

6,  p.  508,  pi.  25,  fig.  4.  >  '      • 

grandia  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  380.  Hudson  River. 

hexrlcki  Foerste,  1886 ;  loth  Ann.  Rept.  Oeol.  Nat.  Hist.  Minnesota,  p.  479, 

fig.  2.  Trenton. 
•^ —  imperator  Hall,  1861 ;  Rept.  Progress  Geol.  Survey  Wisconsin,  p.  49.  Niagara. 
imperator  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  332,  pi.  22, 

figs.  15-17;  pi.  23,  figs.  2.3. 
imperator  Hall,  1870;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  420,  pi. 

22,  figs.  15-17 ;  pi.  23,  figs.  2, 3. 
- —  imperator  Whitfield,  1882 ;  Geol.  Wisconsin^  vol.  4,  p.  306,  pi.  21,  figs.  4,5. 

incertua  Billings,  1865;  Pal.  Foss.,  vol.  1.  p.  332,  fig.  319.  Quebee. 

indetermlnatua  Walcott,  1877 ;  Advanced  sheets  31st  Rept.  New  York  State 

Mus.  Nat.  Hist.,  p.  19.  Trenton. 

indeterminatna  Walcott,  1879 ;  31st  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  70, 

insignia  Hall,  1867  ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  .')31,  figs.  5, 

6,  pi.  22,  figs.  13,  14. 

IButnaetus^  inaignia  Salter,  1867 ;  Mou.  Brit.  Tril.,  p.  207. 

inaignia  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  331,  figs.  5, 6; 

pi.  22,  figs.  13, 14. 
insignia  Hall,  1870;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  419,  figs.  10, 

11 ;  pi.  22,  figs.  13, 14. 

IBumaiiua']  insignia  Meek,  1873  ;  Pal.  Ohio,  vol.  1,  p.  189,  pi.  15,  figs.  5a-c. 

inaignia  Holm,  1882 ;  De  Svenska  Art.  Tril.  Illffinus,  p.  127. 

insignia  Whitfield,  1882 ;  Geol.  Wisoonsis,  vol.  4,  p.  305,  pi.  21,  figs.  6-10. 

insignia  Foerste,  1886 ;  15th  Ann.  Rept.  Geol.  Nat.  Hist.  Survey  Minnesota,  p. 

481. 
ioxus  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  378,  pi.  22,  figs. 

4-10.  Niagara. 
IBumastusI  iozua  Hall,  1670;  20th  Rept.  New  York  State  Cab.  Nat.  Hiat.,  p. 

420,  pi.  22,  figs.  4-10. 
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maenns  IBumastui']  ioxas  Hall,  1883;  12th  Ann.  Rept.  Dept.  Qeol.  Nat.  Hist.  In- 
diana,  1862,  p.  335,  pi.  38,  figs.  13, 14. 

ioxuB  Whitfield,  1882 ;  Geol.  Wisconsio,  vol.  4,  p.  304,  pi.  21,  figs.  11, 12. 

[  Buma9tu9]  ioxas  Hail,  1883 ;  Trans.  Albany  Inst.,  vol.  10,  p.  76. 

latidonata  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  230,  pi.  00,  figs.  6  a,  b.    Trenton. 

madiBonianuB  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  307,  pi.  20,  figs.  8, 9. 

Niagara. 

madiBonlanus  Foerste,  1886;  Ball.  Denison  Univ.,  vol.  1,  p.  106,  pi.  14,  figs.  1 

a,  b  and  2  a,  b. 

madiBonlanuB  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  93,  pi.  8,  figs.  8-10. 

Clinton. 

millerl  Billings,  1859 ;  Canadian  Natnralist,  vol.  4,  p.  375,  fig.  10.         Tr«nton. 

millerl  Walcott,  1877 ;  Advance  sheets  31st  Bept.  N.  Y.  State  Mas.  Nat.  Hist., 

p.  20. 

mllleri  Walcott,  1879 ;  3l8t  Rept.  N.  Y.  State  Mas.  Nat.  Hist.,  p.  71. 

llfiUusI  minnesotenaia  Foerste,  1886 ;  15th  Ann.  Rept.  Qeol.  Minnesota, p.  478, 

fig.  1.  Trenton. 

niagareMta  Whitfield,  1880 ;  Ann.  Rept.  Geol.  Wisconsin,  1879,  p.  69.        Niagara. 

Name  changed,  by  request  of  the  Wisconsin  Geological  Survey,  from  IlUmua 
niagaremis  to  niaBnna  madisonianns.  Explanation  omitted  by  accident  in 
the  Final  Report  Pal.  Wisconsin,  p.  307. 

orbioaudatUB  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  379.  Hodson. 

• IThaleops'i  ovatiia  Conrad,  1843;  Proc.  Acad. Nat.  Set. Phila.,  vol.  1,  p.  332. 

•  .     "  '  Trent<vi. 

[  ThaleopB  (nitenuB)^  ovatiia  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  259,  pi.  67,  figs- 

6  a-b. 
ovatUB  Whitfield,  1882L;  Geol.  Wisconsin,  vol.  4,  p.  238,  pi.  5,  figs.  1, 2. 
pomatia  Salter,  1867 ;  Mon.  Brit.  Trll.,  pi.  27,  figs.  6, 7. 
pterocephalus  Whitfield,  1878 ;  Ann.  Rept.  Geol.  Wisconsin,  1877,  p.  87. 

Niagara, 
pterocephalus  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  309,  pi.  20,  figs.  10-12. 
olmiilator  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  337,  figs.  315  a,  b.  Quebec. 

tauruB  Hall,  1861 ;  Rept.  Prog.  Geol.  Survey  Wisconsin,  p.  49.  Niagara. 

tauniB  Meek  and  Worth'en,  1865 ;  Geol.  Snrvey  Hlinois,  vol.  3,  p.  320,  pi.  3,  fig.  2. 
lBumastu9'\  trentonenBia  Emmons,  1842 ;  Geol.  New  York,  3d  Geol.  Dist.,  p.  390 
fig.  1.  Trenton. 

IBumastus'i  trentonenalB,  1854 ;  7th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  64, 

fig.l.  ■ 

IBtmuutua'i  trentonenflia  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  215,  pi.  15, 

fig.  13.  • 

trentonenalB  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  230,  pi.  60,  fig.  5. 

tunidifrona  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  278,  fig.  264.  Quebec. 

vindez  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  179,  fig.  160.  Chazy. 

[J^ttiBMtiM]  worthenanns  Winohell  and  Marcy,  1866;  Mem.  Boston  Soc.  Nat. 

Hist.,  vol.  1,  pt.  1,  p.  105,  pi.  3,  fig.  13  (referred  by  Hall,  20th  Rept.  New  York 
State  Cab.  Nat.  Hist.,  to  lUcenus  artnatua  Hall). 
laoUtuB  De  Kay,  1825;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  1,  p.  174. 

eanalis,    (See  Aaaphus  oanalia) 

eyd&pB,    (See  Aaaphun  platycephalua.) 

Qigas.    (See  Aaaphua  platycephalua.) 

«uixifiiti«.    (See  Asaphua  maximna.) 

megahps  Green,  1832;  Mon.  Tril.  N.  A.,  p.  70,  oast  76. 

megisioi,    (See' Aaaphua  nuudmuB.) 

pUiiyeephahu,    ( See  Aaaphua  platycephalna. ) 

.planta,    (See  Aaaphua  platycephalua.) 
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Isoletus  8t4'/fop8.    (Sec  Aaaphus  platycephalua.) 

vigilans.    (See  Asaphus  vigilans.) 

Lichaa  Dalnran,  18t>6 ;  Pahcad.,  pp.  53, 71,  pi.  6,  fig.  1. 
Type,  Lichas  laciiiiatua  Wahlenberg. 

Syn.,  Platynoius  Conrad,  183^1;  Geol.  Survey  New  York,  Kept.  Pal.  Dept.,  p.  118. 
Arges  Goldfass,  1839  (in  part). 

Metopiae  Eichwald,  1842 ;  Die  Urwelt  Rnss.,  p.  62,  pi.  3,  figs.  21-23. 
Actinurua  Castelnau,  1843 ;  Syst.  Sil.  de  PAni^r.,p.  21. 
Nuttainia  Portlock  and  Emmricb. 
Corydocephalua  Corda,  1847  ;  Prodr.,p.  255. 
Dicranopeltia  Corda,  1847 ;  Prodr.,  p.  257. 
Aoanthopyge  Corda,  1847 ;  Prodr.,  p. 260. 
Dioranoymua  Corda,  1847;  Prodr.,  p.  261. 
Sabgenera,  ffoploUchaa  DskmeBj  1877;  Zeitacbr.  Dentscb.  geol.  Ge8ellscb.,1877,p. 
794. 

Type,  HoploUchaa  tricuapidata  Beyricb. 
Conolichaa  Dames,  1877;  Zeitacbr.  Deutscb.  geol.  Gesellscb.,  1877,  p.  806. 
Type,  Conolichaa  opquiloba  Steinbardt. 

armatua  Hall.    (Sec  Acidaspis  eiiopis  Hall.) 

'■  bigabjri  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  364,  pi.  77,  figs.  1-8. 

Lower  Helderberg. 

[  Conolichaa']  bigabyi  ?  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  80,  pi.  19  a,  fig.  1. 

[Paradoxidea]  boltoni  Bigsby,  1825;  Jour.  Acad.  Nat.  Sci.  Phila.,  vol.  4,  p.  365, 

«        plate.  '  *         Niagara. 

IParadoicidea'i  boltoni  Green,  1832  ;  Montbly  Am.  Jour.  Geol.,  etc.,  vol.  1,  p.  560, 

pi.  1,  fig.  5. 

I  Paradoxidea']  boltoni  Green,  1832;  Mon.  Tril.  Nortb  America,  p.  60,  pi.  1,  fi^.  5. 

IParadoxidea]  boltoni  Harlan,  1834 ;  Trans.  Geol.  Soc.  Penn.,  vol.  1,  p.  103. 

IParadoxidea]  boltoni  Harlan,  1835;  Med.  and  Pbys.  Researcbes,  p.  303. 

L^'a'3/wo/tw]  boltoni  Conrad,  1838;  Rept.  Pal.  Dept.  Geol.  Survey  New  York, 

p.  118. 

lActinurua]  boltoni  Castelnau,  1843 ;  Syst.  Sil.  de  PAm^r.,  p.  21,  pi.  3,  fig.  3. 

boltoni  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  311,  pi.  69  ;  pi.  70,  figs.  1  a-i. 

boltoni  Meek  and  Wortben,  1875;  Geol.  Survey  Hlinois,  vol.  6,  p.  508,  pi.  25, 

tig.  5. 
— -  boltoni  var.  occidentaUs  Hall,  1863 ;  Trans.  Albany  Inst.^  vol.  4,  p.  223 ;  ab- 
stract, p.  29. 

boltoni  var.  occidentalia  Hall,  1875 ;  28tb  Rept.  New  York  State  Mus.  Nat. 

Hist.  Expl.,  p.  34,  figs.  8-11. 

boltoni  var,  occidentaUs  HaU,  1879 ;  28th  Rept.  New  York  Stat*  Mue.  Nat. 

Hist.,  p.  198.  pi.  34,  figs.  8-11. 

boltoni  var.  occidentaUs  Hall,  1883 ;  12tb  Ann.  Rept.  Dept.  Geol.  Nat.  Hist. 

Indiana,  1882,  p.  334,  pi.  36,  figs.  8,  11, 12  (f ). 

breviceps  Hall,  1863;  Trans.  Albany  Inst.,  vol.  4,  p.  222;  abstract,  p.  28. 

Niagara. 

breviceps  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  156,  pi.  6,  fig.  17. 

breviceps  Hall,  1875;  28tb  Rept.  New  York  State  Mus.  Nat.  Hist.  Expl.,  pi.  34, 

figs.  1-7. 

breviceps  Hall,  1879 ;  28tb  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  197,  pi.  3^1, 

figs.  1-7. 

breviceps  Hall,  1883;  12th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  1882,  p. 

343,  pi.  36,  figs.  1-7. 

breviceps  Foerste,  1885 ;  Bull.  Denison  Univ.,  vol.  1,  p.  112,  pi.  13,  figs.  2, 6  a,  b. 

Clinton. 
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Lichas  breviceps  FoetBto,  1887  ;  Bull.  Dcnison  Univ.,  vol.  2,  p.  98,  pi.  8,  figs.  18, 19. 
Kot  LichxiB  hrwiceps  Hall,  1867  ;  20th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p. 
:i77,  pi.  21,  fig8.  12-14;  also  rev.  ed.,  p.  424,  pi.  21,  tigs.  12-14.     (See  Lichaa 
emarglnatUB.) 

canadenaift  Billings,  1866;  Catalogue  Sil.  Fosa.  Anticosti,  p.  65.  fig.  22. 

champlainensis  Whitfield,  1886;  Bull.  Am.  Mus.  Nat.  Hist.  Now  York,  vol.  1,  No. 

8,  p.  342,  pi.  23,  figs.  d-8.  Birdseye. 

lArges"]  oontUBUS  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  83,  pi.  19  b,  figs.  3-6. 

'  Upper  Helderberg. 

cucullus  Meek  and  Worthen,  1865 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  266. 

Trenton. 

cucnUuB  Meek  and  Worthen,  1866 ;  Qeol.  Survey  Illinois,  vol.  3,  p.  299,  pi.  1, 

figs.  6  a-c. 

decipiens  Winchell  and  Maroy,  1866;  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  l,pt.  1, 

p.  104,  pi.  3,  fig.  11.  Niagara. 

ICeratoliehM^  dracon  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  85,  pi.  19,  figs.  14-17. 

Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  pi.  19,  figs.  2, 3.      Upper  Helderberg. 

emarginatud  Hall,  1879;  28th  Kept.  New  York  State  Mas.  Nat.  Hist.,  p.  199. 

Niagara. 
Syn.,  Lichas  brevicepa  Hall;  20th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  377, 
pi.  21,  fiKS.  12-14,  rev.  ed.,  p.  424,  pi.  21,  tigs.  12-14. 

eriopis,  Hall.  Upper  Helderberg. 

Syn.,  Lichaa  armatus  Hall,  1861 ;  Des.  New  Species  Fobs.,  p.  81. 

Lichas  arrnatus  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 
109. 

eriopa  Hall,  1863;  16th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  226. 

lAddaspis  (Teraiaspia)']  eriopa  llall,  1876  ;  Hlus.  Devonian  Foss.  Crust.,  pi.  19, 

figs.  4-7,10,11. 

lAcidaspia  {Terataapiaf)]  sp. f  Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  pi.  19, 

fig.  12. 

IConoUchas'l  eriopa  Hall,  1888;  Pal.  New  York,  vqI.  7,  p.  78,  pi.  19  a,  figs.  2-13, 

15, 16. 

grandia  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  82.  Upper  Helderberg. 

grandia  HalJ,  1862 ;  15th  Ropt.  New  York  State  Cab.  Nat.  Hist.,  p.  110. 

grandia  Hall,  1863  ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  223.     (Sub- 

gonns  Terataspia.) 
Syn.,  auperbua  Billings,  1875;  Canadian  Naturalist,  vol.  7,  p.  239. 

[_Acida»pis  {Terataspia)]  grandia  Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  pis. 

17, 18. 

[TeraiaapWi  grandia  Hall,  1888;  Pal.  New  York.  vol.  7,  p.  73,  pi.  17,  figs.  1-6; 

pi.  1^  figs.  1,2;  pi.  19,  figs.  1-7. 

ICeratolichaa']  grandia. Hall,  1888 ;   Pal.  New  York,  vol.  7,  p.  84,  pi.  19  b,  figs. 

7-13. 

ICeratolichaa']  grypa  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  84,  pi.  19  b,  figs. 

7-13. 

harriai  Miller,  1878;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  1,  p.  106,  pi.  3,  fig.  9. 

Hudson. 

{Acidaapia  n.  sp.  ?]  Hall,  1876 ;  Hlus.  Devonian  Foss.  Crust.,  pi.  19,  fig.  1  (not  figs. 

2, 3).     •  .  Upper  Helderberg. 

IConoliehaa]  hiapidua  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  77,  pi.  19  a,  tigs.  14, 

17,  18. 
Syn.,  lAcidaspia  {Terataapia)]  eriopa  Hall,  1876 ;  Hlus.  Dev.  Foss.,  pi.  19,  figs.  8, 9. 

Upper  Helderberg. 

IBoplolichaa]  hylaeua  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  81,  pi.  19  b,  figs.  1, 2. 

Upper  Helderberg. 
jokeai  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  282,  fig.  260;  also  p.  335,  fig.  323. 
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Lichas  minganensis  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  181,  figs.  163  a,  b. 

Chazy  sind  Trenton. 

nereua  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  226. 

Niagara. 
obTius  Hall,  1870 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  424,  pi.  25, 

fig.  19.  Niagara. 

iCalymene']  phlyctanodea  Qreen,  1837 ;  Am.  Jour.  Sci.,  1st  series,  vol.  32,  p.  167. 

Niagara. 
iJrg^^  phlyctanodea  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  314,  pi.  70,  figs. 

2a,c. 
[  Dicranogmusi  ptyonaros  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  86,  pi.  19  b,  figs. 

19-21.  *  Niagara. 
pugnaz  Winchell  and  Marcy,  1866 ;  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  1,  pt.  1, 

p.  103,  pi.  3,  fig.  10.  Niagara. 
pugnaz  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat  Hist.,  p.  393  (rev.  ed., 

p.  424,  pi.  25,  fig.  20). 
puatuloaus  Hall,  1859;  Pal.  New  York,  voL  3,  p.  366,  pi.  77,.  figs.  9-12 1  pi.  78, 

figs.  1-6,  fig.  7  CT).  Lower  Helderberg. 

pustuloaua  Hall,  1876 ;  111  as.  Devonian  Fobs.  Cmst.,  pi.  19,  fig.  13. 

[Cono?icAa«]  puatuloaua  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  80,  pi.  19,  figs. 

8,  10,  11. 
auperbiis  Billings,  1875;  Canadian  Naturalist,  n.  s.,  vol.  7,  p.  239.    (See  laichas 

grandia. )  Corui  ferous. 
lAaaphusf]  trentonenaia  Conrad,  1842;  Jour.  Acad.  Nat.  Sci.  Phila.,  vol.  8,  p. 

277,  pi.  16,  fig.  16.  Trenton. 
IPlaiynoius']  trentonenaia  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  235,  pi.  64,  figs. 

1  a-e. 

trentonenaia  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  127. 

liloydia  Vogdes,  1869  (generic  name  for  Baihyurus  hitubereulatuB  Billings  for  its  type). 
LoganelluB  Devine,  1863 ;   Canadian  Naturalist,  vol.  8,  p.  95.    (See  Ptychoparia, 

Crepicephalua,  and  Olenua) 
logani  Devine,  1863 ;  Canadian  Naturalist,  vol.  8,  p.  95.    (See  Ptychoparia 

logani.) 

i0lenu9t]  logani  Billings,  1865 ;  Pal.  Foas.,  vol.  1,  p.  201,  figs.  185. 186. 

quebecefisis  Billings,  1865 ;  Pal.  Fuss.,  voL  1,  p.  203.    (See  Ptychoparia  los;ani. ) 

Lonohocephalus  Owen,  1852;   Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

p.  576.    (See  Anomocare  hamulua  (Owen)  Dames.) 
Megalaapia  Angelin,  1852 ;  Pal  (eon  t.  Scand.,  p.  15. 
Type,  Megalaspia  gigas  Ang.,  pi.  12,  fig.  3. 

belemnuruB  White,  1874  ;  Rept  .Invert.  Foss.,  etc.,  p.  11.  Quebec. 

belemnurua  White,  1877;  Geog.  Sur.  W.  100th  Meridian,  Pal.,  vol.  4,  p.  59, 

pi.  3,  fig.  9. 
[Asaphua  {meglaspis)]  goniooema  Meek,  1873 ;   6th  Ann.  Rept.  Geol.  Survey 

Territories,  1872,  p.  480.  Quebec. 

Menocephalua  Owen,  1852 ;  Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

p.  577. 
Dr.  D.  D.  Owen  refers  one  species  to  this  genus,  Menocephalus  minnesotfntis, 

pi.  1,  fig.  11,  which  has  a  highly  arched  and  hemispherical  glabella. 

globoauB  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  317,  figs.  17-19. 

Quebec. 

globoaua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  408,  figs.  388  a-c. 

minneaotensia  Owen,  1852 ;  Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minne- 
sota, p.  577,  pi.  1,  fig.  11.  '    Cambrian. 

aalteri  Billings,  1863;  Canadian  Naturalist,  vol.  8,  p.  210,  figure.        Cambrian. 

aalteri  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  203,  fig.  187. 


TOGDBfl.1  CATALOOUfi   OF   TRILOBITES.  125 

Menocephaliu  salterl?  Rominger,  1888;  Proo.  Acad.  Nat.  Soi.  Phila.,  pi.  16,  pi.  1, 

fig.  6. 

sadgwioki  Billings,  1860 ;  CanadiaQ  Nataralist,  vol  5,  p.  316,  fig.  16.     Qaeboc. 

sedgwicki  Billings.  1865 ;  Pal.  Foss.,  vol.  1,  p.  407,  fig.  387. 

Meaonacia  Walcott,  1885;  Am.  Jonr.  Soi.,  3d  series,  vol.  29,  p.  329. 

— ^  [O/0jiu«]  vermontana  Hall,  1859;  12th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  60,  figore.  Cambrian. 

[Ol«ii!«]  vermontana  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  527,  fignre. 

IParadoxides']  Vermont!  Emmons,  1860;  Mannal  Geology,  p.  280  (note  A). 

IParadoxidea']  vermontana  Barrande,  1861 ;  Bull.  Soc.  G6ol,  France,  2d  series, 

vol.  18,  p.  277,  pi.  5,  fig.  8. 
IParadoxidetk]  vermontana  Billings,  1861 ;  Geology  Vermont,  vol.  2,  p.  950. 
IBarrandial  vermontana  Hall,  1861 ;  13th  Rept..  New  York  State  Cab.  Nat. 

Hist.,  p.  117,  figare. 
[Barrandid]  vermontana  Hall,  1861 ;  Geol.  Vermont,  vol.  1,  p.  370,  pi,  13,  figs. 

2,  4,  and  5. 
IParadoxides']  vermontana  Billings,  1863 ;  Geol.  Canada,  p.  953. 
[  CflenelluM]  vermontana  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  114. 

lOlenellusI  vermontana  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  10. 

lOUnellus]  vermontana  Whitfield,  1884;  Bnll.  Am.  Mas.  Nat.  Hist.  New  York', 

vol.  1,  p.  152,  pi.  15,  figs.  2-4. 

. vermontana  Walcott,  1885;  Am.  Jonr.  Sci.,  3d  series,  vol.  29,  p.  329,  figs.  1,2, 

vermontana  Walcott,  1885 ;  Nature,  vol.  32,  p.  68. 

vermontana  Walcott,  1886;  Ball.  U.  S.  Geol.  Sarvey,  No.  30,  p.  158,  pi.  24, 

figs.  1  a,  b. 
Microdiacna  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  116. 

Type,  MicrodUcua  speoioaus  Ford. 
belli-marginatUB  Sbaler  and  Foerste,  1888 ;  Ball.  Mos.  Comp.  Zool.  Harvard 

Coll.,  vol.  16,  p.  35,  pi.  2,,  ^g,  19.  Cambrian. 

connezua  Walcott,  1887 ;  Am.  Joar.  Sci.,  3d  series,  vol.  34,  p.  194,  pi.  1,  figs.  4-4  b. 

*  Cambrian. 

dawaoni  Hartt,  1868 ;  Acadian  Geology,  p.  654,  fig.  228.  St.  John. 

Mr.  Hartt  originally  described  this  species  nnder  the  new  generic  name  of 

Dawsania,  but  on  Mr.  £.  Billings's  authority  Ibhe  species  was  referred  to  MicrO' 

discus  in  the  Acadian  Geology. 

dawaoni  Whiteaves,  1878;  Am.  Jour.  Sci.,  3d  series,  vol.  16,  p.  225.  ' 

dawaoni  Walcott,  1884;  Bnll.  U.  S.  Geol.  Survey,  No.  10,  p.  23,  pi.  2,  figs.  3, 3  a. 

lAgnostus'i  lobatua  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  258,  pi.  67,  figs.  5  a-f. 

Potsdam. 
lAgnostusI  lobatua  Rogers,  1858;  Geol.  Sarvey  Pennsylvania,  vol.  2,  p.  820, 

fig.  614  (1-4). 

lobatua  Ford,  1873 ;  Am.  Jour.  Soi.,  3d  series,  vol.  6,  p.  135  (foot-note). 

lobatua  Walcott,  1886  ;;Bu11.  U.  S.  Geol.  Survey,  No.  30,  p.  156,  pi.  16,  figs.  1, 1  a,  b. 

lobatua  Sbaler  and  Foerste,  1888 ;  Bull.  Mns.  Comp.  Zool.  Harvard  Coll.,  vol. 

16,  p.  36,  pi.  2,  fig.  13. 

meeki  Ford,  1876;  Am.  Jour.  Sci.,  3d  series,  vol.  11,  p.  371.        Lower  Potsdam. 

— ^  meeki  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  155,  pi.  16,  fig.  4. 

parkeri  Walcott,  1886 ;  Ball.  U.  J3.  Geol.  Sarvey,  No.  30,  p.  157,  pi.  16,  figs.  2, 2  a. 

Middle  Cambrian. 
pnlchellua  (Hartt  MS.)  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  24. 

St.  John. 
pnncta);u8  Salter,  1864 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  20,  p.  237,  pi.  13, 

fig.  11.  St.  John. 
pmictatua  Whiteaves,  1878 ;  Am.  Jour.  Sci.,  3d  series,  vol.  16,  p.  225. 
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MicrodiscuB  punctatUB  W&Ioott,  1884;  Bull.  U.  S.  Geol.  Sarvey,  No.  10,  p.  24,  pi.  2, 
figs.  1,  1  a-c. 

qnadrlcoBtatUB  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  116,  pl.  1,  fig.  8. 

Taconic. 

qnadricoBtattiB  Emmons,  1860;  Manual  Geology,  p.  88,  fig.  73. 

quadrlcostatUB  Barrande,  1861 ;  Bull.  Soc.  G^oL  France,  2d  serieB,  vol.  18,  p. 

280,  1)1.  5,  figs.  13  a,  b. 

apeciofiUB  Ford,  1873 ;  Am.  Jour.  Sci.,  3d  series,  vol.  6,  p.  137,  figs.  2  a,  b. 

Potadam. 

specioBUB  Ford,  1877  ;  Am.  Jour.  Sci.,  3d  series,  vol.  13,  p.  147. 

BpecioBUB  Ford,  1879 ;  New  York  Tribune  Extra,  Sept.  2, 1879,  fig.  2. 

apecioBUS  Walcott,  188(>;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p. -154,  pl.  16,  figs.  3, 

3  »-c. 

NileuB  Dalman,  1826 ;  Palipad.,  p.  246  (German  trans.,  p.  49). 
Type,  Nileus  armadillo  Dalman. 

a£EUiiB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  275,  figs.  261  a,  b.  Quebec. 

macropa  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  273,  fig.  259.  Quebec. 

Bcmtator  Billings,  1865 ;  Pal.  Fobs.,  vol.  1,  p.  274,  fig.  260.  Quebec. 

jS^uHania  Eaton,  1832  (in  part) ;  Geological  Text  Book,  p.  33.    (See  Trlnucleua  and 
Homalonotua. ) 

ooncenlrica  Eaton,  1632;  Geological  Text  Book,  p.  34,  pl.  1,  fig.  2. 

sparsa  Eaton,  1832;  Geological  Text  Book,  p.  34. 

Odontocephalus  Conrad,  1840 ;  3d  Anu.  Rept.  Pal.  Dept.  New  York  Geol.  Survey,  p.  204.  * 

IDalmanites  {Odoniovephalus)'}  Hall  and  Clarke,  1888;  Pal.  New  York,  vol.  7, 

p.  xxxiii. 

I  can  not  do  justice  to  this  genus  without  giving  a  brief  historical  sketch, 
which  dates  back  to  1781.  Dnnng  this  year  M.  T.  Brflnnich  (Beskrivelse  over 
Trilobiten,  Nye  Samling  af  det  Kong.  Danske  Vidensk.  Skrifter,  vol.  1,  p.  392, 
pi.  0,  figs.  1, 2)  published  a  description  of  a  fossil  Trilobite  from  Coalbrook  Dale 
under  the  name  of  Trilohus  caudatua.  As  this  Trilobite  in  after  years  had  many 
generic  names,  I  give  a  translation  of  the  original  description  for  the  use 
of  students.  The  author  figures  the  head  and  pygidium  of  TrUobua  oavdatuB 
and  remarks:  "As  1  was  not  fortunate  enough  to  obtain  a  complete  speci- 
men of  the  entirely  unknown  fossil,  but  only  broken  parts,!  can  not  distinctly 
describe  its  size  or  number  of  rings;  however,  the  annexed  figures  show 
the  distinct  features  of  this  species  and  their  peculiar  morphology.  The  size 
of  the  fossil  at  its  anterior  bend  is  If  inches,  the  front  piece  outside  of  the 
crust  is  i  inch,  its  total  length  34  inches;  the  broken  back  ]iart,  consisting 
of  about  sixteen  rings,  is  1  inch  in  length  to  the  tail,  the  latter  being  1  inch 
long.  The  head  shield  is  surrounded  by  a  fiat-shaped  edge,  which  terminates 
in  an  upright  protuberance  with  a  tongue  rounded  anteriorly.  The  shell 
shows  various  elevations  separated  by  transverse  furrows.  The  eyes  on  the 
side  of  the  shell  are  very  protruding,  semilunar  in  form,  and  faceted  after  the 
eyes  of  insects.  On  the  head-shield  may  be  seen  some  small  nodes,  which 
are  also  visible  on  the  first  ring  and  on  some  of  the  others.  The  tail  di- 
minishes in  breadth  and  terminates  in  a  narrow,  long,  and  pointed  projec- 
tion." 

The  first  systematic  writer  (Brongniart,  Crust.  Foss.,  p.  22)  included  this 
species  under  his  genus  AaaphuSf  and  it  was  so  classified  until  1844,  when  Dr.  H. 
F.  Emmrich  (Zur  Morphologic  der  Trilobiten,  p.  15,  pl.  1,  fie;.  1)  proposed  the  new 
generic  term  of  Dalmania  for  it.  Unfortunately  this  term  was  then  preoccupied 
for  a  genus  of  the  Diptera.  Dr.  H.  F.  Euimricli's  work  was  well  known  in 
Europe,  having  appeared  in  two  separate  German  editions,  and  also  in  English 
(Scient.  Mem.,  vol.  A,  pt.  14, 1847). 

In  the  year  1847  A.  J.  C  Corda  (Prodr.,  p.  208,  pl.  5,  fig.  56)  changed  Emmrich's 
generic  name  to  OdontochiUj  a  preoccupied  term  in  natural  history.    This  name 
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was  ouly  used  by  one  ofcUer  auLbor  (McCoy,  Aunals  Nat.  Hist.,  London,  vol.  4, 
1849),  all  others  using  Dalmania  or  its  modified  form,  DalfMinites  (Barrande). 

In  1840  Milne-Edwards  (Crust.,  pp.  306,339)  proposed  the  name  of  Pleura- 
eanthftB  for  Calfmene  arachnoidea  Goldfuss,  and  Dr.  Goldfnss  that  of  Acaste 
(Neaes  Jahrbneh  ftir'Miuoral.,  1843,  p.  511)  for  such  forms  as  Calymene  downing i€B 
Mnrch. 

In  America  a  typical  species  {Dalmanitea  lUnulurus)  has  been  classed  by  all 
American  writers  either  under  Dalmania  or  its  mo<litied  form,  but  other  species 
properly  of  this  genus — that  is^  if  we  do  not  desire  to  overburden. generic  classi- 
fication— have  been  given  new  geueric  names.  The  first  was  an  obscure  fossil 
described  by  Dr.  Jiicob  Greeu  (Am.  Jour.  Scf.,  1st  series,  vol.  32,  p.  343)  as  Cry- 
phiBua  hooihi,  a  generic  term  jireoccupied  for  a  geuus  of  the  Coleoptera  at  the 
time  it  was  used  by  Dr.  Green.  The  second  species  consists  of  a  poorly  figured 
tail,  described  and  figured  by  Pi:of.  Amos  Eaton  (Geological  Text  Book,  p.  31, 
pi.  1,  fig.  1)  as  Asaphua  aelenurus^  and  by  Dr.  Jacob  Green  under  the  name  of 
Calymene  odontocephala  (Am.*  Jour.  Sci.,  1st  series,  vol.  25,  p.  334).  Prof.  Amos 
Eaton's  description  was  drawn  from  the  tail  of  the  fossil  and  Dr.  Jacob  Green's 
from  the  head. 

Mr.T.  A.  Conrad  in  1840  (3d  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Survey,  p. 
204)  procured  a  perfect  specimen  of  this  Trilobite  and  united  the  two  species 
under  a  new  generic  name,  Odoniocephalua  aelenuvMj  taking  Dr.  Jacob  Green's 
specific  name  for  the  genus,  and  that  of  Prof.  Amos  Eaton  for  the  species. 

The  generic  characteristics  consist  of  a  series  of  incisor-like  denticulatious 
bordering  the  frontal  margin  of  the  head,  and  a  pygidium  with  two  terminal 
spines. 

Hall  and  Clarke  (1888,  Pal.  New  York,  vol.  7,  p.  xxxiii)  use  the  term  as  a 
BQbgenns  to  Dalmanites. 

If  we  follow  the  strict  rule  of  priority  and  set  aside  the  preoccupied  name 
Dalmania  or  Dalmanitea  for  that  of  Odontocephalua  Conrad,  we  take  for  a  generic 
name  a  term  indicating  a  denticulated  cephalic  shield,  which  is  confined  to  a 
special  group  and  miscall  such  species  as  the  well  known  type  Dalmanites 
caudatua. 

We  would  therefore  suggest,  not  only  in  honor  of  the  learned  Swe«lish  author 
on  Trilobites,  but  also  through  courtesy,  that  the  generic  name  of  Dalmanitea 
be  retained. 
OdantooephaltM,    (See  Dalmanitea  [  Odontocepnalus']  aelenuruB,  D.  lOdontooephalual 

blfidena,  D.  {^Odontocephalua]  eegeria,  and  D.  lOdontocephalua']  coronatUB. 
Ogygia  Brongniart,  1822 ;  Crust.  Foss.,  p.  26. 

Type,  Aaaphua  huchii  Brongniart,  pi.  2,  figs.  3  a-c. 

[Aaaphua]  barrandi  Hall,  1851;  Rept.  Geol.  Lake  Superior  Land  Dist.  (Foster 

and  Whitney),  pt.  2,  p.  210,  pi.  27,  figs.  1  a-d ;  pi.  28.  Birdseye. 

[Aaaphua]  barrandi  Hall,  1862;  Geol.  Wisconsin,  vol.  1,  p.  41,  fig.  4. 

klotzi  Rominger,  1887;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  12,  pi.  1,  fig.  1. 

Cambrian. 

klotzi  Walcott,  1888;  Am.  Jour.  Sci.,  3d  series,  vol.  36,  p.  166. 

lOgygiea]  laiiaaimua  Eaton,  1832;  Am.  Jour.  Sci.,  vol.  21,  p.  136,  foot-note. 

[Ogygea]  latiaaimua  Eaton,  1832 ;  Geol.  Text  Book,  p.  33  (Homalonotus  delphi- 

nocephus). 

parabola  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  245,  pi. 

2,  fig.  35.  Cambrian. 

?  problematica  Walcott,  18«4 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol. 

8,  p.  63,  pi.  10,  figs.  2  a,  b  and  4.  Cambrian. 

J>xoducta  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  234, 

pi.  2,  figs.  31-34 ;  also  p.  245,  pi.  2,  fig.  35.  Cambrian. 

—  L^iobe]  producta  Brogger,  1880;  Om  alderen  af  Olenelltts  zouas  i  Nordamerika, 
p.  211. 
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Ogygia  IBatkyUriscu^^  produotua  Walcott,  1886;  Bull.  U.  S.  G«ol.  Sarvey,  No.  30,  p. 

217,  pi.  30,  flg8.  1. 1  ft-i. 
Syn.,  Ogygia parajfola  (H.  <&  W.).Walcott,  1886;  idem,,  p.  217. 

serrata  Rominger,  1837 ;  Proo.  Aoad.  Nat.  Sci.  Phila.,  p.  13,  pL  1,  figs.  2, 2  a. 

Cambrian. 
T  spinoaa  Waloott,  X884;  Pal.  Eurek^k  Diet.,  Mon.  U.  S.  GeoL  Survey,  vol.  8,  p. 

63,  pi.  9,  fig.  22.    (See  Olenoides  apinoaa  Waloott.) 

vetuatua  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  227,  pi.  60,  fig.  1.  Trenton. 

vetuattia  Emmons,  1855 ;  American  0.eology,  vol.  1,  pt.  2,  p.  216,  fig.  72. 

Olenellua  Hall,  1861 ;  Des.  N.  Species  of  Foss.,  published  in  advance,  15th  Rept. 

Slate  Cab.,  p.  86.    Hall,  1862 ;  15th  Rept.  State  Cab.  Nat.  HUt.  Albany,  p.  114. 
Type,  Olenellua  thompeani  Hall. 

lElliptoc^hala]  asaphoidea  Emmons,  1844 ;  Taoonio  System,  p.  21,  figs.  1-3. 

Cambrian. 
IBlliptoeephala]  aaaphoidea  Emmons,  1846 ;  Agric.  New  York,  vol.  1,  p.  65,  figs. 

1-3. 

[OleniM]  aaaphoidea  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  21^6,  pi.  67,  figs.  2 a,  c. 

I0lenu8'\  aaaphoidea  Fitch,  1849;  Trans.  N.  Y.  State  Agric.  Soc.,  vol.  9, p.  H65. 

lElliptooephalus']  aaaphoidea  Emmons,  1849;  Proc^Am.  Assoc.  Adv.  Sci.,  1st 

meeting,  p.  18.  ^ 
IBliptooephalua']  aaaphoidea  Emmons,  1855;  Am.  Gtoology,  vol.  1,  pt.  2,  p.  114, 

figs.  1-3,  pi.  1,  fig.  18. 

IParadoxides']  aaaphoidea  Emmons,  1860;  Manual  Geology,  pp.  67,280. 

IParadoxidee']  aaaphoidea  Barrande,  1861;  Bull.  Soc.  G^l.  France,  2d  series, 

vol.  18,  p.  273,  pi.  5,  figs.  4, 5. 

lOlenus]  aaaphoidea  Ford,  1871 ;  Am.  Jour.  Sci.,  3d  series,  vol.  2,  p.  33. 

lElliptocephaluel  aaaphoidea  Ford,  1877 ;  Am.  Jour.  Sci.,  3d  series,  vol.  13,  p. 

266,  plate,  figs.  1-10. 

lEllipiocephalue'i  aaaphoidea  Ford ;  Am.  Jour.  Sci.,  3d  series,  vol.  15,  p.  129. 

^—  aaaphoidea  Ford,  1881 ;  Am.  Jour.  Sci.,  3d  series,  vol.  22,  p.  250. 

aaaphoidea  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  168,  pi.  17,  figs.  4, 

8, 10 ;  pi.  20,  figs.  3, 3  a,  b ;  pi.  25,  fig.  8. 
gilberti  (Meek  MS.)  White,  18^4;  Prelim.  Rept.  Invt.  Foss.  U.  S.  Oeog.  and 

Geol.  Survey  West  100th  Mer.,  p.  7.  Potsdam. 

lOleiius']  gilberti  Gilbert,  1875 ;  U.  S.  Geog.  Survey  WcHt  100th  Mer.,  vol.  3,  p.  182. 

gilberti  White,  1877 ;  U.  S.  Geog.  Survey  West  100th  Mer.,  vol.  4,  p.  44,  pi.  2,  figs. 

l,3ar-e. 
gilberti  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  29, 

pi  9,  figs.  16, 16  a ;  pi.  21,  fig.  13. 
gilberti  Waloott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  170,  pi.  18,  figs.  1, 1 

a-e ;  pi.  19,  fig.  2,  2  Sr-k ;  pi.  20,  figs.  1, 1  a,  1  b,  4. 
howelli  (Meek  MS.)  White,  1874;  Prelim.  Rept.  Invt.  Foss.  U.  S.  Geog.  and 

Geol.  Survey  West  100th  Mer.,  p.  8.  Potsdam. 
[Olentw]  howelli  Gilbert,  1875;  U.  S.  Geog.  Survey  West  100th  Mer.,  vol.  3,  p. 

183. 
howelli  White,  1877;  U.  S.  Geog.  Survey  West  100th  Mer.,  vol.  4,  p.  47,  pi.  2^ 

figs.  4  a,  b. 
howelli  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  pp. 

29,  30,  pi.  9,  figs.  15 a-b,  16-16 a;  pi.  21,  figs.  1-9. 
— ^  iddingai  Walcott,  1884  ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

2f*f  pi.  9,  fig.  12.  Cambrian. 

iddingai  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  170,  pi.  19,  fig.  1. 

[  Paradoxides}  macrooephalua  Emmons,  1860 ;  Manual  Geology,  p.  88,  fig.  70. 

lOlenus']  thj>mpBoni  Hall,  18r)9;  12th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 

57,  figure.  Cambrian. 
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Olenellus  [Olenna']  thompsoni  Hall,  1859;  Pal.  Now  York,  vol.  3,  p.  525,  fignre. 

IBarrandia]  thompsoni  Hall,  1860 ;  ISth  Kept.  New  York  State  Cab.  Nat.  Hist., 

p.  116,  figure. 

[Paradoxidesl  thompsoni  Emmons,  1860 ;  Manaal  Geology,  p.  280,  note  A. 

IParad&xides'}  thompsoni  fiarrande,  1861 ;  Bull.  Soc.  G<Sol.  France,  2d  series, 

vol.  18,  p.  276,  pL  5,  fig.  6. 

lPar<idaxide8'\  thompsoni  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  950. 

IBarrandia'}  thompsoni  Hall,  1861 ;  Geol.  Vermont,  vol.  2,  p.  369,  pi.  13,  fig.  1. 

IParadoxides}  thompsoni  Billings,  1861 ;  Pal.  Foas.,  vol.  1,  p.  11  (pamphlet  pub- 
lished in  advance). 

thompsonf  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist,  p.  114. 

thompsoni  Billinga,  1863 ;  Geol.  Canada,  p.  953. 

{^Olenellus}  thompsoni  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  11. 

thompsoni  Whitfield,  1884 ;  Bull.  Am.  Mus.  Nat.  Hist.,  New  York,  vol.  l,p.  151 

pi.  15,  figs.  1-4. 

thompsoni  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p,  167,  pi.  17,  figs. 

1, 2, 4, 9 ;  pis.  22, 23,  figure. 
rermontana,    (See  Mesongcis  veimontana  (Hall)  Walcott.) 


Olenoidea  Meek,  1877 ;  U-.  S.  Gfeol.  Expl.  40th  Par.,  Pal.,  vol.  4,  p.  25. 
Type,  Olenoides  nevadensis  Meek. 

fordi  Walcott,  1887 ;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  195,  pi.  1,  figs.  5,  5  b. 

Cambrian. 

flagricaudus,    (See  Zaoanthoides  flagricaudus.) 

l«?M  Walcott,  1886;  BuU.  U.  S.  Geol.  Survey,  No.  30,  p.  187,  pi.  25,  figs.  3-3  a. 

(See  Zaoanthoides  levis.)  Cambrian. 

gothicus  (Hall  and  Whitfield)  Walcott.    (See  Dorypyge  gothicus.) 

?  marcoui  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  186,  pi.  26,  fig. 

5-5a,b.  ^  ^ 
{.Dikellocepkaltts  f ]  marooni  Whitfield,  1884 ;  Bull.  Am.  Mus.  Nat.  Hist.  New 

York,  vol.  1,  p.  150,  pi.  14,  fig.  7.  Cambrian. 

IParadaxides  f  ]  nevadensis  Meek,  1870 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  22,  p.  62. 

Middle  Cambrian. 

IParadoxideaf}  nevadensis  Meek,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  Pal.,  vol. 

4,  p.  23,  pi.  1^  fig.  5. 
— —  nevadensis  Meek,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  Pal.,  vol.  4,  p.  25. 

nevadensis  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  181,  pi.  25,  fig.  7. 

nevadensis  Walcott,  1888 ;  Am.  Jour.  Sci.,  3d  series,  vol.  36,  p.  165. 

Syn.,  Ogygia  serrata  (Rominger)  Walcott,  1888;  Am.  Jour.  Sci.,  3d  series,  vol.36k 

p.  165. 
lOUnaides]  quadriceps  (HaU  and  Whitfield)  Walcott.    (See  Dorypyge  quadri- 
ceps.) 

tpinosua.    (See  Zaoanthoides  spinosus.) 

tt^icalii,    (See  Zaoanthoides  typicalis.) 

IDikellooephalus]  wahsatchensis  Hall  and  Whitfield,  1877 ;  U.  S.  Greol.  Expl. 

40th  Par.,  Pal.,  vol.  4,  p.  241,  pi.  1,  fig.  35. 
-^ —  wahsatchensis  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  189,  pi.  29, 

figs.  2, 2  a.  Middle  Cambrian. 

Syn.,  IZHkeHoc^haluafi  gothicu$  (Hall  and  Whitfield)  Walcott,  1886;  BuU.  U.  S. 

Geol.  Survey,  No.  30,  p.  189. 
wahsatchensis  Walcott,  1888;  Am.  Jour.  Sci.,  3d  series,  vol.  36,  p.  165. 


Olenns  Dalraan,  1626;  Palsead,  p.  226. 
Type,  Olenus  gibbo»u8  Wahlenberg. 

amphoidc8,    (See  Olenellus  asaphoides.) 

holopyga.    (See  Bathynotus  holopyga.) 

logani.    (See  Ptychoparia  logani.) 

Bull.  63 9 
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OlenuB  tliompwni.    (See  Olenelliu  thompsbni. ) 

unduloBtria^us  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  258,  pi.  67,  figs.  3  a,  b. 

HndsoD. 

utahensia  Woodward,  1873 ;  Ropt.  43d  Meeting  Brit.  Ajbsoc.  Adv.  Sci. 

utahenBla  Woodward,  1873;  Geol.  Mag.,  vol.  10,  p.  523.  Cambrian. 

vermontana,    (See  Mesonacia  vennontana  Hall.) 

Oryctcocephalua  Walcott,  1886;  Ball.  U.  8.  Geol.  Survey,  No.  30,  p.  210. 
- —  primuB  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  210,  pi.  29,  figs.  3,  3  a. 

Middle  Cambria u. 
Pagura  Emmons,  1860 ;  Manual  Geology,  p.  280. 

Dr.  £.  Emmons  uses  ibis  term  in  a  subgenerio  sense  for  Paradozides  \_Pagura'\ 
quadriapivoaua.  The  note  accompanying  the  Mannal  of  Geology  doea  not  indi- 
cate the  author's  intentions  with  regard  to  the  genus  and  new  speciea.  It  wns 
probably  intended  for  Paradoxidea  [^PeUura'\  quadriapinoaua,  a  synonym  of  in- 
tended Peltura  lOlenua']  holopyga  Hall,  12th  Rept.  Now  York  State  Cab.  Nat. 
Hist.,  p.  01.  Emmons  figures  this  species  on  p.  80,  fig.  57. 
Panderia  Volborth ;  M^ni.  Acad.  Soi.  St.-P^tersbonrg,  vol.  6,  p.  31. 
Type,  Panderia  triquetra  Volb.,  pi.  3,  fig.  13  W«,  17. 

[nicenua']  conradl  Billings,  1859 ;  Canadian  Naturalist,  voL  4,  p.  372,  figs.  7-9. 

Trenton. 
For  other  references,  see  IllamuB  oonradi  Billings. 
Paradoxidea  Brongniart,  1822;  Crust.  Fobs.,  p.  30,  pi.  4,  fig.  1. 
Type,  Paradoxidea  teaaini  Brongniart. 
Syn.,  Plutonia  Salter,  1869 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  25,  p.  52. 

Plutonia  aedgtoiohif  Quart.  Jour.  Geol.  Soc.  London,  vol.  27,  p.  399,  pi.  1.5, 
figs.  1-8. 

acadicua  Matthew,  1882 ;  Trans.  Boy.  Soc.  Canada,  vol.  1,  p.  103,  pi.  9,  figs. 

1M8.  St.  John. 

acadioua  Matthew,  1884 ;  Trans.  Roy.  Soc.  Canada,  vol.  2,  p.  99,  pi.  1,  fig.  1. 

acadicua  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  tO,  p.  25,  pi.  6,  figs.  3-3  a. 

arcuatua  Harlan.    (See  Triarthma  beckii. ) 

— -  barberl  Winchell,  1884 ;  13th  Rept.  Geol.  Nat.  Hist.  Survey  Minn.,  p.  65,  pi.  1, 
fig.  7.  Cambrian. 

heckii.    (See  Triarthnia  beckii.) 

bennetii  Salter,  1859;  Quart.  Jour.  Geol.  Soc.  London,  vol.  15,  p.  553,  fignre. 

Cambrian. 

bennetii  Salter  and  Woodward,  1865 ;  Chart  of  Foss.  Crust.,,  fig.  25. 

holtoni.    (See  Lichaa  boltoni.) 

decorua  Billings,  1865 ;  Pal.  Foss.,  vol.  2,  p.  75.  Potsdam. 

eatoni.    (See  Triarthnia  beckii.) 

_  eteminicuB  Matthew,  1882;  Trans.  Roy.  Soc.  Canada,  vol.  1,  p.  92,  pi.  9,  figs.  7-12. 

St.  John. 
Var.  auricaidea  (figs.  4-6),  var.  hreviatua,  var.  malioitua  (fig.  13),  var.  pontifi^ 
calia  (figs.  15,  15  a),  var.  qnacoenaia  (tigs.  14,  14  a). 

etemlnicuB  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  27,  pi.  3,  figs.  1- 

lar-g. 

harlani  Green,  1834;  Am.  Jour.  Sci.,  Ist  series,  vol.  35,  p.  336.  Cambrian. 

harlani  Green,  1835 ;  Suppl.  Hon.  Tril.  N.  A.,  p.  14,  cast  39. 

harlani  Rogers,  1S56;  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  6,  pp.  27,40. 

harlani  Stodder,  1856;  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  6,  p.  369. 

harlanl^Rogers,  1856;  Am.  Jour.  Sci.,  2d  series,  vol.  22,  p.  297, 

Syn.,  apinoaua  Rogers,  1858;  Geol.  Pennsylvania,  vol.  2,  p.  816,  fig.  590. 

harlani  Ordway,  1861 ;  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  8,  p.  1,  figure. 

harlani  Walcott,  1884  ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  45,  pi.  7,  fig.  3;  pi, 

8,  figs.  1,  1  a-cf  pi.  9,  fig.  1. 
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• 
Faradojsidea  kjemlfi  (Linrs.)  Matthew,  1886;  Am.  Joar.  Soi.,  3d  series,  vol.  31,  p. 

471.  Cambrian. 

Referred  by  Holm  (Geol.  Foren.  Stockholm  Forhandl.,  vol.  9,  1887,  hafte.  7, 

p.  1)  to  Olenellus  ft;eru (/I  Lin narsson,  pl^  14  and  15. 

lamellatua  Hartt,  1868 ;  Acadian  Geology,  p.  656,  fig.  230.  St.  John. 

lamellatua  Matthew,  1882 ;  Trans.  Royal  Soo.  Canada,  vol.  1,  p.  100,  pi.  1,  figs. 

3,4. 

lamellatua  var.  loricatus  Matthew,  1882;  Trans.  Royal  Soc.  Canada,  vol.  1,  p. 

105,  pi.  9,  fig.  19. 
lamellatua  Walcott,  1884;  Bull.  U.  S.  Geol.  Stfrvey,  No.  30,  p.  25,  pi.  3,  figs. 

2,2  a. 

macroeephalus,    (See  Olenellua  thompaoni  Hall.) 

micmac  Hartt,  1868;  Acadian  Geology,  p.  657.  St.  John. 

micmac  Matthew,  1884 ;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  101,  pL  10,  fig.  S. 

?  nwadenHs,    ( See  Olenoidea  nevadenaia. ) 

quadrispinosua,    (See  Bathynotua  quadriapinoaua.) 

tenellua  Billings,  1874 ;  Pal.  Foss.,  vol.  2,  p.  74,  fig.  43.  Potsdam. 

thampBoni,    (See  Olenellua  thompaoni  Hall.) 

triarthru^  Harlan ;  Trans.  Geol,  Soc.  Pennsylvania,  vol,  1,  p.  264,  pi.  15,  fig.  5. 

(See  TriarthruB  becki  Green.) 

vermontana.    (See  Olenellua  and  Meaonacia.) 

walcotti  Shaler  and  Foerate,  1888 ;  Ball.  Mas.  Comp.  ZooL  Harvard  Coll.,  vol. 

16,  p.  36,  pi.  2,  fig.  12.  Cambrian. 

Peltura  Milne-Edwaids,  1840;  Crast.,  vol.  3,  p.  344. 

(See  Pagura.)    . 

holopyge,    (See  Bathynotua  holopyge.) 

Pemphigaapia  Hall,  1863;  16th  Rept.  New  York  State  Mas.  Nat.  Hist.,  p.  221. 
bnUata  Hall,  1863;  16th  Rept.  New  York  State  Mas.  Nat.  Hist.,  p.  221,  pL  5  a, 

figs.  3-^.  Potsdam. 

A  species  probably  of  the  gonas  Microdiseus. 
Fhacopa  Emmricb,  18'^9 ;  De  Trilobites,  etc.,  p.  18. 
Type,  Calymene  latifrona  Bronn. 

The  generic  term  Trimerocephalua  McCoy  has  been  nsed  by  aathoia  for  species 

like  Phacops  roidor^Ai, compact  in  form ;  glabella  inflated  and  expanded  in  front; 

lobes,  except  the  basal  ones,  obscure ;  eyes  small  and  oocnpy ing  the  front  por- 
tions of  the  head ;  geual  angles  rounded ;  pleura  roandod ;  pygidiam  small,  with 

few  segment-8,  and  even  border. 
J ca«<e  Goldfusa  for  such  species  as  Pkaoops  dotoningice  Murch.    Diagnosis: 

Glabella  not  inflated  nor  greatly  expanded  in  front;  furrows  distinct;  eyes 

well  developed,  with  namerous  lenses;   genal  angles  produced  into  spines; 

pleurae  ronuded  or  truncate ;  pygidium  small  generally,  with  less  than  eleven 

segments ;  border  even,  but  sometimes  mucronate. 

ICalymene^  bufo  Green,  1832;  Monthly  Am.  Jour.  Geol.,  p.  559. 

ICalymene]  bufo  Green,  1832;  Mon.  Tril.  N.  A.,  p.  41,  cast  10. 

bufo  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  65. 

bufo  HaU,  1862 ;  15th  Rept.  Now  York  State  Cab.  Nat.  Hist.,  p.  93. 

bufo  Hall,  1876;  lllus.  Devonian  Foss.  Crust.,  pi.  8,  figs.  24,25. 

'_ buf D  Hall,  18S8 ;  Pal.  New  York,  vol.  7,  p.  26,  pi.  8,  figs.  25, 26. 

The  fossil  is  said  to  have  been  found  in  a  dark  grayish  limestone  in  the  State 

of  New  Jersey.    The  cast  approaches  so  near  Phacopa  lattfrons  Bronn  that  it 

may  be  the  same  species. 

bombifrona,    (See  Phacopa  criatata.) 

cacapona  Hall,  1861 ;  Den.  New  Species  Foss.,  p.  GH.  Hamilton. 

Syn.,  Calymene  bufo  Castelnau,  1843 ;  Syst.  Sil.  de  TAiudr.,  p.  21,  pi.  2,  tigs.  1-4. 
. cacapona  Hall,  1H«2 ;  1.5th  R*^pt.  New  York  State  Cab.  Nut.  Hist.,  p.*96. 
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Phacops  cacapona  Hall,  1876  ;  Illns.  Devonian  Fobs.  Crnst.,  pi.  8,  figs.  18-23. 

cacapona  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  27,  pi.  8,  lige.  19-24. 

callicephala,    (See  Dalmanites  callicephala. ) 

cristata  Hall,  1861 ;  De8.  New  Species  Foes.,  p.  67.  Upper  Helderbetg. 

Syn,,  Phacops  bombifrans  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  67. 

Phacops  cristaia  Hall,  1862;  15th  Ropt.  New  York  State  Cab.  Nat.  Hist.,  p.  95. 
Phacops  cristaia  Hall,  1876 ;  Illns.  Devonian  Foss.  Crust.,  pi.  6,  fign.  1-17. 
Phacops  bombifrons  Hall,  1876 ;  lUus.  Devonian  Foss.  Crust.,  pi.  6,  figs.  18-29. 

cristata  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  14,  pi.  6,  tigs.,  1-31,  16-29;  pi. 

8  a,  figs.  1-4.  ' 

cristata  var.  pipa  Hallj  1888 ;  Pal.  New  "York,  vol.  7,  p.  18,  pi.  8  a,  figs.  5-18. 

Upper  Helderberg. 

dauming(B  Mnrcb.    (See  Phacops  trisolcatus  Hall. ) 

hudsonica  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  :J55,  pi.  73,  figs.  2&-28. 

Lower  Helderberg. 
f  laiicav4a  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  248,  pi.  64,  fig.  6.    (See  Dalmani- 
tes micrums  Green.) 

logani  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  353,  pi.  73,  fgs.  1&-25. 

Lower  Helderberg. 

ICalymene'i  macrophthalma  Green,  1832;  Mon.  Tril.  N.  A.,  p.  39,  cast  9. 

ICalymene'i  nupera  Hall,  1843;  Geol.  New  York,  4tli  Geol.  Dist.,  p.  262,  fig.  116. 

Chemang. 

nupera  Emmons,  1860 ;  Manual  Geology,  p.  149,  fig.  138  (2). 

nupera  Hall,  1876;  Illns.  Devonian  Foss.  Crust.,  pi.  8,  fig.  26. 

nupera  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  27,  pi.  8,  fig.  2t. 

creates  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  65,  fig.  10. 

Middle  Silnrian. 
— —  pulchellus  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  99,  pi.  8,  figs.  4,20,21. 

Clinton. 

ICalymene  bufo'\  var.  rana  Green,  1832;  Monthly  Am.  Jour.  Geol.,  p.  559. 

Hamilton. 

ICaljfmene  bufo'\  var.  rana  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  42,  casts  11, 12. 

ICalymene  bufo"]  var.  rana  Hall,  1843 ;  Geol.  New  York,  4th  Geol.  Dist.,  p.  201, 

pi.  14. 
Syn.,  ICalymene']  bufo  Owens,  1844 ;  Geol.  Expl.  Iowa,  Wisconsin,  and  Illinois,  p. 
74,  pi.  12,  fig.  1. 
ICalymene]  bufo  Emmons,  1860 ;  Manual  Geology,  p.  138,  wood-cutl24,  fig.  6. 

rana  Hall,  1861 ;  Description  New  Species  Fossils,  p.  65. 

rana  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  93,  pi.  10,  fig.  12. 

rana  Meek  and  Wortheu,  1868;  Geol.  Survey  Illinois,  vol.  3,  p.  447,  pi.  11,  figs. 

1  a-e. 
— —  rana  Nicholson,  1873 ;  Pal.  Province  Ontario,  p.  123,  figs.  5, 6  a. 

rana  Hall,  1876 ;  Illns.  Devonian  Foss.  Crust.,  pi.  6,  figs.  14, 15 ;  pi.  7,  figs.  1-11 ; 

pi.  8,  figs.  11-17. 

rana  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  339,  pi.  26,  figs.  17-19. 

rana  Walcott,  1884  ;  Pal.  Eureka  Dist.  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  207. 

rana  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  19,  pi.  7,  figs.  1-11 ;  pi,  8,  figs.  1-18 ; 

pi.  7  a,  figs.  21-33. 

rana  Clarke,  1888 ;  Jour.  Morphology,  vol.  2,  p.  253,  pi.  21. 

traganus  Billings,  1863 ;  Proc.  Portland  Soc.  Nat.  Hist.,  vol.  1,  p.  124,  pi.  1,  figs. 

26, 27.  Upper  Silurian. 
?  trisulcatus  Hall,  1843;  Geol.  New  York,  4th  Geol.  Dist.,  p.  72,  fig.  9. 

Clinton. 
trisulcatus  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  300,  pi.  66  a,  figs.  3  a,  b. 
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FhaethonideB  Anj^elin,  1852 ;  Pal.  Scand.,  p.  21. 

arenicolus  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  134,  pi.  25,  tigs.  12, 13. 

Upper  Heldorberg. 

r denticulatus  (Meek)  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  139,  pi.  25,  figs.  14, 15. 

For  other  references,  see  Proetus  lPh€Btou'i  denticulatus  Meek. 

Step  toe  Valley,  Nevada,  Devonian  (?). 

gemmaBUB  Hall,  1888  j  Pal.  New  York,  vol.  7,  p.  136,  pi.  24,  figs.  32-36. 

Upper  Helderberg. 

immatoruB  Herrick,  1889;  Bull.  Denison  Univ.,  vol.  4,  p.  59,  pi.  1,  figs.  9-15. 

Kinderhook. 

(?)  lodienaiB  (Meek)  Herrick,  1889;  Ball.  Denison  Univ.,  vol.  4,  p.  59. 

For  other  references,  see  Brachymetopus  lodiensiB  Meek. 
^—  ocddentallB  Herrick,  1889 ;  Bnll.  Denison  Unj  v.«  vol.  4,  p.  57,  pi.  1,  figs.  10  a,  b. 

Kinderhook. 

sedalienBlB  (Vogdes)  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  4,  p.  57. 

Waverly. 
For  other  references,  see  Qriffithides  ?  BedalienaiB  Vogdes. 

BpinoBUB  Herrick,  1889;  Ball.  Denison  Univ.,  vol.  4,  p.  58,  pi.  1^  figs.  4-5. 

Kinderhook. 

variceUa  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  135,  pi.  24,  figs.  29-31. 

Upper  Helderberg. 
Fhillipaia  Portlock,  1843;  Bept.  Gtool.  Londonderry,  etc.,  p.  315. 
Type,  Phillipsia  gemmuli/era  Phillips. 

Dr.  Henry  Woodward  suggests  (Oeol.  Mag.,  vol.  10,  1883)  the  following  brief 
diagnosis  of  the  characters  of  the  genera  Phillipsia  and  Grifflthides,  which  may 
.  be  found  usefnl  in  separating  the  genera :  , 


1 

2 

3 
4 

PhiUipsiA. 

ariffithides. 

Sides  of  the  glabella  nearly  parallel 

Marked  by  either  two  or  three  short  lat- 
eral furrows. 
Basal  lobes  oontinnoas  with  the  glabella. . 
Etos  larire.  reniform... 

Glabella  pyrlform. 

No  short  lateral  farrows  on  the  glabella. 

Eyes  small,  subovaL 

-  hufo.    (See  QrlfBlthideB  bufo. ) 
cliftonensiB  Shumard,  1858 ;  Trans.  Acad.  Nat.  Sci.  St.  Louis,  vol.  1,  p.  227. 

Coal  Measures. 

•  cliftoneoBlB  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  11. 

■  cliftonensis  Vogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4, p.  84. 

■  ?  conaors  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  4,  p.  53,  pi.  1,  figs.  16  a,  b,  c. 

Keokuk  or  Burlington. 
'  conaors  Herrick,  1690 ;  American  Geologist,  vol.  5,  p.  254. 
f  eoronata,    (See  Cyphaspls  coronata  Hall.) 

•dori«  (Hall)  Winchell,  1805;  Proo.  Acad.  Nat.  Sci.  Phila.,  2d  series,  vol.  9,  p. 
133.    (See  Proteus  doris  Hall.) 

■  howl  Billings,  1863 ;  Canadian  Naturalist,  vol.  8,  p.  209,  figure.      Carboniferous. 

■  howl  Dawson,  1868;  Acadian  Geology,  p.  313,  fig.  133. 

•  howl  Herrick,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  63. 

'  hawi  Vogdes,  1S87 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  91. 

Compare  Phillipsia  meramecenais, 
insignis  Winchell,  1863;  Proc.  Acad.  Nat.  Sci.  PhUa., 2d  series,  vol.  7, p.  24. 

Burlington. 
Inslgnis  Billings,  1863;  Canadian  Naturalist,  vol.  8,  p.  209. 
Inalgnifl  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  63. 
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PhUlipsia  insignia  Yogdes,  1887;  Annals  New  York  Acad.  8ci.,  vol.  4,  p.  87. 

Icevia.    (See  Cyphaapia  laevia.) 

major  Shumard,  1858;  Trans.  Acad.  Sci.  St.  Loais,  vol.  1,  p.  226.     Coal  Measures. 

major  Meek,  1872;  U.  S.  Geol.  Survey  Territories,  Final  Kept.  Nebraska,  p.  238, 

pi.  3,  figs.  2  a,  b,  o. 

major  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  60. 

major  Vogdes,  1887 ;  Annals  Now  York  Acad.  Sci.,  vol.  4,  p.  85,  pi.  3,  fig.  14. 

merameoanais  Shamard,  1855;  Ist  and  2d  Rept.  Geol.  Survey  Missouri,  p.  199, 

pi.  B,  fig.  9.  Archimides  Limestone. 

meramecanalB  Herrick,  1887 ;  Ball.  Denison  Univ.,  vol.  2,  p.  59. 

meramecanaia  Yogdes,  1887*;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  86,  pi.  3, 

fig.  15. 
Syn.,  fneramecanais^  Wincbell,  1863 ;  Proo.  Acad.  Nat.  Sci.  Phila.,  2d  series,  vol.  7, 
p.  24.  Keokuk. 

meramecanaia  Herrick,  1888;  Bull.  Denison  Univ.,  vol.  3,  p.  28,  pi.  11,  fig.  3. 

Syn.,  hotci  (Billings)  Yogdes,  1867 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  92. 

vindohonensU  (Hartt)  Yogdes^  1887;  Annals  New  York  Acad.  Sci.,  vol.  4, 
p.  92. 
— —  meramecanaia  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  4,  p.  54,  pi.  1,  fig.  6. 

—  minusoula  Hall.     (See  Cjrphaapia  mlnuacula.) 

• miaaourienaia  Shumard,  1858 ;  Trans.  Acad.  Sci.  St.  Louis,  vol.  1,  p.  220. 

Coal  Measures. 

—  miaaourienaia  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  59. 

miaaourienaia  Yogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  86,  pi.  3, 

figs.  1,  2,  14, 16. 
— —f  cmaUiB.    (Sec  Cyphaapia  coronata.) 

IGriffithides']  portlocki  Meek  and  Worthen.    (See  QrifiELthidea  portlocki.) 

— «— perannulata  Shamard,  1858;  Trans.  Acad.  Sci.  St.  Louis,  vol.  1,  p.  296,  pi.  11, 

fig.  10.  Permian. 

perazmulata  Ybgdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  84. 

praecuraor  Herrick,  1888 ;  Bull.  Denison  Univ.,  vol.  3,  p.  29,  pi.  12,  fig.  1. 

Kinderhook. 

praecuraor  Herrick,  1890 ;  American  Geologist,  vol.  5,  p.  254. 

IFroetus'}  praecuraor  Herrick,  1889;  Bull.  Denison  Univ.,  vol.  4,  p.  54,  pi.  1, 

fig.  1.  Waverly. 

^—  rockfordensia  Wincbell,  1865 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  2d  series,  vol.  9,  p. 

133.  Kinderhook. 

rockfordenaia  Herrick,  1887 ;  Bull.  Donison  Univ.,  vol.  2,  p.  62. 

rockfordensia  Yogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  91. 

aampaoni  Yogdes,  1888;  Trans.  New  York  Acad.  Sci.,  vol.  7,  p.  248,  figure. 

Wavc'rly, 
IGriffithides]  aangamonensis  Meek  ana  Worthen.     (See  Qriffithidea  aaugamo- 

nenaia. ) 

[Griffithide8'\  acitula  Meek  and  Worthen.    (See  Qriffithidea  acitula.) 

aerraticaudata  Herrick,  1889;  Bull.  Denison  Univ.,  vol.  4,  p.  52,  pi.  1,  figs.  8 

a-d.  Keokuk. 

aerraticaudata  Herrick,  1890 ;  American  Geologist,  vol.  5,  p.  254. 

shumardi.    (See  Proetua  auriculata.) 

Btevenaoni  Meek,  1871 ;  Rept.  Regents  Univ.  West  Yirginia,  p.  73.        Chester. 

Btevenaoni  Yogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  88,  pi.  3,  fig.  G. 

tuberculata  Meek  and  Worthen,  1870 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  02. 

Burlington. 
tuberculata  Yogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  92. 

—  trinucleata  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  64,  pi.  1,  figs.  23,23  a, 

c,  e,  h ;  pi.  2,  fig.  32 ;  pi.  3,  fig.  21.  Coal  Measures. 
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Phlllipaia  trinuoleata  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  4,  p.  49. 

Syu.,  Froetus  trinudeatusYogdes,  1888;  Annals  New  York  Acad.  Sci.,  vol.  4,  p. 
8.  (iu  error),  pi.  2,  figs.  7,8,9. 
vindohonenns  Hartt,  1868;  Acadian  Geology,  p.  353.  Carboniferous. 

vindohonenaia  Herrick,  1887;  Boll.  Denisou  Univ.,  vol.  2,  p.  63. 

vindobanenais  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  89.    (See 

PhiUipsia  meramecanaiB  Shumard.) 
Tiliolites  Cozzens,  1846;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  4,  p.  157. 

ohioen»is  Cozzens,  1340 ;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  4,  p.  157, 

pi.  16,  figs.  1  a,  1  b.     (See  Proetus  crasalmarginatus  ?) 

Steininger,  1831 ;  M6m.  Soc.  G^ol.  Franee,  vol.  1,  p.  355,  pi.  24,  fig.  6. 
lype,  Proetue  curieri  Steininger. 

Syn.,  JEonia  Bitrmeister,  1843;  Organization  TrUobites,  p.  116  (Ray  Soc.  ed.,  p. 
100).  Barmeister  separates  Dalman's  species  Calymene  oonoinna  from  tlie 
type  of  the  genus  Proetus,  and  gives  a  generic  description  of  .^onia,  with 
descriptions  and  figures  of  A,  coneinna,  A.  etokesii,  and  A.  verticalia, 
PhiJBton  Barrande,  1646 ;  Notice  Prelim.,  p.  62.  The  author  herein  gives  the 
new  generio  term  Photon  for  species  of  Proetua  with  fimbriated  pygidia. 
Prinopeltis  Corda,  1847;  Prodr.,  p.  121.    New  generic  name  proposed  for 

the  preoccupied  term  of  Phtsion, 
Xiphogonittitt  Corda^  1847 ;  Prodr.,  p.  70.    Proposed  genus  for  certain  species 

of  ProetuSf  with  nine  segments  in  the  thorax. 
Chniopleura  Corda,  1847;  Prodr.,  p.  80.    This  genus  includes  such  species 

as  Proetua  elegantulua  Loveu,  with  twelve  segments  in  the  thorax. 
Forbeaia  McCoy,  1847 ;  Sil.  Foss.  Ireland,  p.  46.    This  author  uses  for  the 
types  of  his  genus  Forbeaia  latifrona  and  F.  atifheaHy  which  is  the  same  as 
that  used  by  Barrande  in  1846  for  his  genus  PkcBton  and  Jngelin  in  1878 
for  the  genus  Phtethonidea, 
Qeraatoa  Goldfuss,  1843 ;  Neues  Jahrbuch  fUr  Mineral.,  p.  557,    This  genus 
is  a  Proetua  with  G.  losvigatua  for  its  type,  a  species  identical  with  Proetus 
cuvieri  Stein. 
Trigonaapia  and  Cylindraepia  the  Brothers  Sanderberger ;  Yerst.  d.  Rhein, 

8cht.-Syst.,  p.  30,  pi.  3, 1850. 
Den^mella  Kayser,  1880 ;  Zeitschr.  Deutsch.  geol.  Gesell.,  Berlin,  1880,  p. 
703.    For  such  species  as  Proetua  vertiGallia  and  P.  halde-numi, 
•alsuicas  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  68,  fig.  12.  Hudson. 

•  alariouB  Billings,  1863;  Geol.  Canada,  p.  219,  fig.  2:^0. 
-  angUBtifrons  Hall,  1661 ;  Des.  New  Species  Foss.,  p.  70.  Schoharie. 

angnatifrona  Hall,  1862;.  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  98. 
>  anguBtifrona  Hall,  1876;  Illns.  Devonian  Foss.  Crust.,  pi.  20,  figs.  1,4,7. 

angustifironB  Hall,  1888;  Pal.  New  York,  vol.  7^  n.  91,  pi.  20,  figs.  1-5;  pi.  22, 

figs.  1-3. 
'  auriculatia,    (See  Proetus  mlBsourieiiBiB  Shnmard.) 

•  canalioulatua  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  73.       Upper  Helderberg. 
oanaliottlatus  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  101. 

•  canalioulatua  Hall,  1876 ;  lUus.  Devonian  Fobs.  Crust.,  pi.  20,  figs.  10, 11. 
oanaUculatua  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  107,  pi.  20,  figs.  10,  11;  pi. 

23,  figs.  10, 11. 
olarua  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  71.  Upper  Helderberg. 

olaruB  Hall,  1862;  15th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  99. 
claruB  Hal],  1876;  Illns.  Devonian  Foss.  Crust.,  pi.  20,  figs.  12-14. 
olaruB  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  104,  pi.  20,  figs.  12-14 ;  pi.  22,  figs. 

28-30. 
oonradi  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  69,  Schoharie. 
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Pxoetns  conradi  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  HUt.,  p.  97. 
conradi  Hall,  1876;  lUua.  Devonian  Foss.  Crust.,  pi.  21,  fig.  6  (not  figs.  5,  8,  9); 

pi.  21,  figs.  27, 28. 
Syn.,  Conradi  Hall,  1876;  Hliis.  Devonian  Foss.  Crust.,  pi.  20;  figs.  5,8,9. 

Filiolites  ohianenais  f  Co£zens,  1846 ;  Annals  Lyceum  Nat.  Hist.  New  York, 
vol.  7,  p.  99,  pi.  10,  figs.  1  a,  b. 
conradi  Hall  and  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  89,  pi.  20,  fig.  9  ;  pU 

21,  figs.  27,28;  pi.  12,  fig.  4. 
lAsaphus']  coiycoBUB  Conrad,  1842;  Jour.  Acad.  Nat.  Sci.  Phila.,  vol.  8,  p.  277, 

pi.  16,  fig.  15.  Niagara. 

lAsaphua']  oorycoBua  Hall,  1843 ;  Geol.  New  York,  4th  Geol  Dist,  pi.  19,  fig.  3. 

coryCGons  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  315,  pi.  67,  fig.  15. 

ICalymene']  craasimarginatUB  Hall,  1843;  GeoL  New  York,  4th  Geol.  Dial.,  p. 

172,  ^g,  5.  Upper  Helderberg. 

craasimarginatUB  Hall,  1859 ;  12th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  88. 

IPhilHpsia'i  crasalmarginatnB Billings,  1861 ;  Canadian  Journal,  vol.  vi,  p.  362. 

orasBlmarginatua  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  72. 

craBsimarginatna  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 

100,  pi.  10.  fig.  10. 

craBBimarginatus  Hall,  1876 ;  nius.  Devonian  Foss.  Crust.,  pi.  20,  figs.  20-31. 

craBBimarginatuB  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  99,  pi.  20,  figs.  &S,  20- 

31;  pi.  22,  figs.  20-62;  pi.  25,  fig.  & 
curvlmarginatuB  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  94,  pi.  22,  figs.  13-19. 

Schoharie. 
— ^  davenporteriM  Barris.    (See  Proetua  proutl  Shumard.) 
^  dephinuluB  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  Ill,  pi.  23,  figs.  1,  2 ;  pi.  25, 

fig.  6.  Upper  Helderberg. 
denticulatuB  Meek,  1877 ;  U.  8.  Qeo\,  Expl.  40th  Par.,  vol.  4,  p.  49,  pi.  1,  figs. 

10  a,  b.  Devonian. 

determinatUB  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  91,  pi.  8,  figs.  2, 3, 3  a. 

Clinton. 

doria  Hall,  1860;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  112. 

Goniatit-e  limestone. 
IPhilUpaia']  dorts  Winchell,  1865,*  Proc.  Acad.  Nat.  Sci.  Phila.,  2d  series,  voL  2, 

p.  62. 

IPhillipsia'l  doris  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  62. 

lPhilUp8ia'\  dorifl  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  90  (in 

error). 

ellipticaB  Meek  and  Worthen,  1865 ;  Proc.  Acad.. Nat.  Sci.  Phila.,  p.  267. 

Kinderhook. 
elliptioaB  Meek  and  Worthen,  1868;  Qeol,  Survey  Illinois,  vol.  3,  p.  460,  pi.  14, 

fig.  3. 

ellipticuB  Vogdes,  1887;  Anuals  New  York  Acad.  Sci.,  vol.  4,  p.  82,  pi.  3,  fig.  3. 

follicepa  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  101,  pi.  23,  figs.  3-8. 

Upper  Helderberg. 

granulatu8  Wetherby.    (See  Qrlffithldea  granolatua.) 

haldemani  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  74.  Hamilton. 

haldemani  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  102,  pi. 

10,  fig.  6. 

haldemani  Hall,  1876;  lUns.  Devonian  Foss.  Crust.,  pi.  21,  figs.  7-9. 

haldemani  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  210. 

haldemani  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  4,  p.  55,  pi.  1,  fig.  12. 

— -  haldemani  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  113,  pi.  21,  figs.  7-9;  pi.  23,  figs. 
ia-15. 
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ProetUB  [DecA«wKa]haldemani  Kayser,  1880 ;  Zeitschr.  Dentsch.  geol.  Gesell.,  Ber- 
lin,  1880,  p.  770,  pi,.  ^}n,  fij;.  9. 

[Decfcenelta]  haldemani  Tscbernyachew,  1887;  M6m.  ComiW  GdoL,  vol.  3,  No.  3, 

p.  14,  pi.  1,  fig.  9.  • 

heaione  Hall,  1861 ;  Dee.  New  Speoiea  Foae.,  p.  70.  Schoharie, 

heaione  Hall,  1862;  15th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  98. 

heaione  Hall^  1876;  Illas.  Devonian  Fosa.  Crust.,  pi.  20,  figs.  15, 16. 

heaione  HaU,  1888;  Pal.  New  York,  vol.  7,  p.  93,  pi.  20,  figs.  15,  16. 

jetjumia  HaU,  1888;  Pal.  New  York,  vol.  7,  p.  124,  pi.  25,  fig.  7.  Hamilton. 

jnniufl  BiUings,  1863 ;  Proc.  Portland  8oc.  Nat.  Hist.,  vol.  1,  p.  122,  pi.  1,  fig.  23. 

Upper  Silurian. 

latimargfnataa  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  97,  pi.  22,  figs.  7-12. 

Schoharie. 

loganensia  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.,  40th  Par.,  vol.  4,  p. 

264,  pi.  4,  fig.  33.  .  Waverly. 

loganenaia  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  78. 

longicaudua  Hall,  1861;  Des.  New  Species  P'o88.,p.  80.  Hamilton. 

longlcandaa  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  108, 

pi.  10,  figs.  7-9. 
longicaudua  Hall,  1876 ;  Illns.  Devonian  Fobs.  Crnst.,  pi.  20,  figs.  32-34. 
longicaudua  Williams,  1881 ;  Am.  Jour  Set.,  3d  series,  vol.  21,  p.  156. 
(?)  longicaudua  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  131,  pi.  20.  figs.  32-34. 
macrobiua  Billings,  1863;  Proc.  Portland  Soo.  Nat.  Hist.,  vol.  1,  p.  123,  pi.  1, 
fig*  24.  Upper  Silurian, 

macrocephalua  Hall,  1861 ;  Des.  New  Species  Foss.,  pp.  77,79.  Hamilton, 

macrocephalua  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  pp. 

105, 107. 
macrocephalua  Hall.  1876 :  nius.  Devonian  Foss.  Crnst.,  pi.  21,  figs.  10-21. 
macrocephalua  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  116,  pi.  21,  figs.  10-21 ;  pi. 

1^,  fig.  30. 
[CalyyMM'l  marginalia  Conrad,  1839;  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 
Survey,  p.  66.  Tnlly  Limestone, 

marginalia  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  76.  Hamilton. 

marginaUa  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat  Hist.,'  p.  104. 
marginalia  Hall,  1876;  Illns.  Devonian  Foss.  Crust.,  pi.  21,  figs.  24-28. 
marginalia  Walcott,  1884;  Pal.  Eureka  Dist.,  M^on.  U.  S.  Geol.  Survey,  vol.  8, 
p.  210. 

-  marginaUa  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  122. 

-  microgenmia  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  109,  pi.  22,  figs.  33, 34. 

Upper  Helderberg. 

-minuacula  Hall,  1876;  Illns.  Devonian  Foss.  Crust.,  pi.  20,  fig.  17. 

.  minutua  Herrick,  1889;  Bull.  Denison  Univ.,  vol.  4,  p.  56,  pi.  I,fig8.  7  a,  b. 

Kinderhook. 

-  minutua  Herrick,  1890 ;  American  Geologist,  vol.  5,  p.  254. 

-  miaaourienaia  Shumard,  1855;  1st  and  2d  Rept.  Geol.  Missouri,  p.  196,  pi.  B, 
figs.  13  a,  b.  Waverly. 

Syn.,  awrwalain%  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  79. 

aurimlaivA  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  107. 
\^F}i\l}^;j^iia  (Proattw)]  auricfvUaiviA  Herrick,  1889;  Bull.  Deuison  Univ.,  vol. 

4,  p.  34,  pi.  1,  fig.  14. 
[VhUlipwiri  nhwuardx  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  pp. 58, 69, 

pi.  7,  fig.  14. 

•  miaaourlenaia  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  75,  pi.  3, 

fig.  1. 

•  miaaourienaia  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  133,  pi.  23,  fig.  32. 
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Proettis  ocoidens  Hall,  1861 ;  Des.  New  Species  Foss.^  p.  80.  Hamiltoih 

occldens  Hall,  186*2;'  15th  Rcpt.  New  York  St^te  Ca^.  Nat.  Hist.,  p.  108. 

occidens  HhU,  1876;  Illus.  Devouiau  Fos8.  Crust.,  pi.  21,  figs.  22,23. 

ocoidens  lla)l,  1888;  Pal.  New  York,  vol.  7,  p.  130,  pi.  21,  figs.  22,23. 

ovifrona  Hall,  lae8 ;  Pal.  New  York,  vol.  7,  p.  110,  pi.  22,  figs.  31, 32. 

Opper  Helderberg. 

paohydenuatuB  Barrett,  1873;  Am.  Joar.  Sci.,  3d  series,  voL  15,  p.  370. 

Niagara. 
— r  parviuBCuIuB  Hall,  1872;  24th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  223,  pi. 

8,  fig.  14.  Hudson. 

parviuBColuB  Hall  aud  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  109,  pi.  4,  fig.  la 

paxviuaculaa  Miller,  1874;  Cinciuaati  Qaart.  Joar.  Sci.,  vol.  1,  p.  144. 

peroccidens  Hall  and  Whitfield,  1877 ;  U.  S.  Oeol.  Expl.  40th  Par.,  Pal.,  vol.  4, 

p.  262.  pi.  4,  figs.  28-32.  Waverly. 

peroccidena.Vogdes,  ^887 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  79. 

phocion  Billings,  1874;  Pal.  Foss.,  vol.  2,  p.  63,  fig.  31.  Devonian. 

phocion  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  125,  pi.  25,  figs.  9,10. 

planlmarginatUB  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci«  Phi  la.,  p.  89.    Corniferoiia. 

planimarginatua  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  233,  pi.  23,  figs.  3  a,  b. 

planimarginatua  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  112,  pi.  23,  fig.  12. 

protuberana  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  351,  pi.  73,  figs.  5-8. 

Lower  Helderberg. 

prouti  Shnmard,  1863;  Trans.  Acad.  Sci.  St.  Lonis,  vol.  2,  p.  110.        Hamilton. 

Syn.,  davenp&rtensia  Barris,  1878;  Proc.  Davehport  Acad.  Sci.,  vol.  2,  p.  287,  pi. 
11,  fig.  8  (pi.  11.  fig.  8,  revised). 

prouti  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  126,  pi.  23,  figs.  16-18. 

—  ICalymene'l  rowi  Le  Row,  1837 ;  Poaghkeepsie  Telegram,  Nov.  22.       Hamilton.* 

iCalymene']  ro^^  Green,  1838;  Am.  Jour.  Sci.,  Ist  series,  vol.  33,  p.  406. 

— -^  ICaljfmene'i  rowi  Green,  1838;  AnnahMag.  Nat.  Hist.,  Ist  series,  London,  vol.  1, 

p.  79. 

roiwi  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  75. 

rowi  Hall,  1862;  15th  Rept.  Now  York  State  Cab.  Nat.  Hist.,  p.  103. 

rowi  Hall,  1876;  Illus.  Devonian  Fobs.  Crnst.,  pi.  21,  figs.  2-6. 

rowi  Hall,  1888;  Pal.  New  York,  vol.  .7,  p.  119,  pi.  21,  figs.  2-6,  24-26;  pi.  23, 

figs.  20-29. 
[PhilUpsia]  ahumardi  Herrick,  1887;  Ball.  Denison  Univ.,  vol.  2,  pp.  58,69,  pi. 

7,  figs.  14  a,  b.  Waverly. 

[Phillip8ia'\  ahumardi  Herrick,  1888;  Bull.  Denibon  Univ.,  vol.  3,  p.  29. 

spurlocki  Meek,  1872;  Am.  Jour.  Sci.,  3d  series,  vol.  3,  p.  426.  Hamilton. 

apurlocki  Meek,  1873;  Pal.  Ohio,  vol.  1,  p.  161,  pi.  14,  ^g,  12. 

spurlocki  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  145. 

atenopyge  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  110,  pi.  22,  lig.  27. 

Upper  Helderberg. 

atokeai  (Murch.)  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  316,  pi.  67,  figs.  13, 14. 

Niagara* 
awallowi  Shumard,  1855 ;  1st  and  2d' Rept.  Geol.  Survey  Missouri,  p.  196,  pi.  B, 

figs.  12  a,  b.  Waverly. 

[Phillip8ia'\  awallowi  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  58. 

IPhilUpsial  tenneaaeenaia  Winchell,  1869;  Geol.  Tennessee,  p.  445.     Waverly. 

tenneaaeenaia  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  80. 

tumidUB  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  113,  pi.  23,  fig.  9. 

Upper  Helderberg. 

vemeuiUi  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  73.  Upper  Helderberg, 

verneuilli  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  101. 

verneuilli  Hall,  1876;  nins.  Devonian  Fobs.  Crust.,  p.  20,  figs.  18,19. 
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Proetus  verneuilli  Hall,  18H8;  Pal.  Now  York,  vol.  7,  p.  108,  pi.  20,  figs.  18, 19. 
ProtichniteB  Owen,  1852;  Quart.  Joar.  Geol.  Soc.  London,  vol.  8,  p.  214. 

altemanB  Owen,  1852;  Quart.  Jour.  Geol.  Soc.  Loudon,  vol.  8,  p.  221,  pi.  8  a, 

ii}(.  7.  Potsdam 

carbonariuB  Dawson,  1873;  Am.  Joar.  Sci.,  3d  series,  vol.  5.        Coal  Measures 

latos  Owen,  1852;  Quart.  Jour.  Geol.  Soc.  London,  vol.  8,  p.  218,  pi.  11, 

Potsdam 

lineatus  Owen,  1852 ;  Quart.  Jour.  Geol.  Soo.  London,  vol.  8,  p.  220,  pi.  8  a 

pi.  13.  •  Potsdam 

logananus  Marsh,  1869;  Am.  Jour.  Sci.,  2d  series,  vol.  48,  p.  46.  Potsdam 

multiiiotatus  Owen,  1852 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  8,  p.  219,  pi.  12 

Potsdam 
octo-notatus  Owen,  1852;  Qnart.  Jour.  Geol.  Soo.  London,  vol.  8,  p.  217,  pi.  10 

Potsdam 
septem-notatus  Owen,  1852 ;  Quart.  Jour.  Geol.  Soo.  London,  vol.  §,  p.  214,  pi.  9 

Potsdam. 
ProtypuB  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  211. 

lAitgeUna'\  hitohoooki  Whitfield,  1884;   Bull.  Am.  Mas.  Nat.  Hist.,  New  York 

vol.  1,  p.  148,  pi.  14,  fig.  13.  Potsdam 

hitchcocki  Walcott  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  211,  pi.  31,  fig.  4 

IBathyurus]  senectus  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  953,  figs.  359,  360 

Middle  Cambrian. 
IBathifurus]  aenectua  Billings,  1861 ;  Pamphlet  published  in  adv.   Pal.  Foss, 

Canada,  p.  15,  figs.  20,  21. 

{_Bathyurua'i  senectus  Billings,  1863;  Geol.  Canada,  p.  286,  figs.  29.S  a,b. 

IBathifurus]  senectus  Billings,  1865;  Pal.  Foss.,vol.  1,  p.  15,  tigs.  20,21. 

senectus  Walcott,  1886 ;    BuU.  U.  S.  Geol.  Survey,  No.  30,  p.  213,  pi.  31,  figs.  2, 

2  a-<5. 
Pterocephalia  Roemer,  1852 ;  Kreid.  von  Texas,  p.  93. 
IConocephalitea  (Pterocephulia)'\laticepa  Hall  and  Whitfield,  1877;  XT.  S.  Geo! 

Expl.  40th  Par.,  vol.  4,  p.  221,  pi.  2,  figs.  4-7.  Potsdam. 
IPtyckoparia  (Pterocephalia)']  laticeps  Walcott,  1884 ;  Pal.  Eureka  Disfc.,  Mon. 

U.  S.  Geol.  Survey,  vol.  8,  p.  69. 
{.Ptychoparia  {Pterocephalia)]  occidenBWa,\cott,  1884;  Pal.  Eureka  Dist.,  Moa 

U.  S.  Geol.  Survey,  vol.  8,  p.  58,  pi.  9,  fig.  21.  Cauibrii^P. 

sancti-sabaD  Roemer,  1849 ;  Texas,  p.  421.  Potsdam. 

sancti-sabao  Roemer,  1852;  Kreid.  von  Texas,  p.  93,  pi.  11. 

Ptychaspis  Hall,  1863;  16th  Rcpt.  New  York  State  Cab.  Nat.  Hist.,  p.  170. 
Type,  Ptychaspis  miniscaenais  Hall. 

barabuensis  Winchell,  1864;  Am.  Jonr.  Sci.,  2d  series,  vol.  37,  p.  230.    Potsdam. 

iAnonellm]  cylindricus  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  406,  fig.  385. 

IConoceph.  (PtychaspiHT)]  explanatus  Whitfield,  1880;  Ann.  Rept.  Geol.  Survej 

Wisconsin,  1879,  p.  48.  Potsdam 

-  IConoceph,  {Ptychaspis  f)]  explanatus  Whitfield,  1882;  Geol.  W^isconsin,  vol.  4 
p.  181,  pi.  1,  figs.  27,  ^S. 

Syn.,  granulosa  Hall,  1863;  16th  Repf.  New  York  State  Cab.  Nat.  Hist.,  p.  173 
pi.  6,  figs.  33-4 ). 
granulosa  Whitfield,  1878 ;  Ann.  Rept.  Geol.  Survey  Wisconsin,  1877,  p.  34 
^oniifo«o  Whitfield,  18S2;  (Jeol.  Wisconsin,  vol.  4,  p.  185,  pi.  1,  fig.  24. 
In  this  work  Ptychaspis  granulosa  Hall  (not  Owen)  is  referred  to  Ptychaspit 
striata. 

-  granulosa  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  185,  pi.  1,  fig.  24. 
8yn.,  Dikelocephalus  miniscaensis  Owen,   1852;   Rept.  Geol.   Survey  Wisconsin, 

Iowa,  and  Minnesota,  p.  574,  pi.  1,  figs.  3, 12 ;  pi.  I  a,  figs.  4. 5. 
•  I  Dikelocephalus']  granulosus  Owen,  1852;  Rept.  Geol.  Survey  Wisconsin,  Iowa, 
and  Minnesota,  p.  575,  pi.  1,  fig.  7.  Potsdam 
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Ptychaspis  ihiniscaensiB  Hall,  18G.I;  IGtli  Rcpt.  New  York  State  Cab.  Nat.  HUt.,  p. 
171,  pi.  U,  iigs.  41-4() ;  pi.  10,  fi^rs.  21 ,  22. 

minuta  Whitfteld,  1878;  Aqu.  Rept.  Geol.  Survey  WisconsiD,  1877,  p.  55, 

Potsdam. 

minuta  Whitfield,  1882 ;  Geol.  Wiscoasin,  vol.  4,  p.  166,  pi.  1,  figs. 25, 26. 

minuta  Walcott,  18cJ4;  Pal.  Eiu-eka  Dist.,  Mon.  U.  Geol.  Survey,  vol.8,  p.  60, pi. 

10,  fig.  23. 

pustuloaa  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  Palieont.,  vol. 

4.  p.  22:3,  pi.  2,  fig.  27.  Potsdam. 

UHkelocephalus]  sesoBtria  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  198,  fig.  184. 

Quebec. 

specioBUB  Walcott,  1879;  32d  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  131. 

Calciferous. 

Btriata  Whitfield,  1878;  Ann.  Rept.  Geol.  Survey  Wisconsin,  1877,  p.  55. 

Potsdam. 

Btriata  Whitfield,  1880;  Ann.  Rept.  Geol.  Survey  Wisconsin,  1879,  p.  51. 

striata  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  186. 

Syn.,  granulosa  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  173, 
pi.  6,  figs.  33-40. 

lAri(meUu8]BuhQla.vatUB  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  315, 

figs.  15, 15  a.         *  Quebec. 

Ptychoparia  Corda,  1847 ;  Prodr.,  p.  141,  pi.  2,  fig.  11. 
Type,  Ptychoparia  striatue  Emmrich. 

IConocephalites'i  adamai  Billings,  1861 ;  Pamphlet  published  in  adv.  Pal.  Foss., 

p.  12,  figure. 

IConocephalus'i  Adams,  1848;  Am.  Jour.  Sci.,  2d  series,  vol.  5,  p.  109. 

[Conocejjhalites']  adamai  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  950,  fig.  355. 

IConocepkaUis']  Billings,  1861;  Am.  Jour  Sci.,  2d  series,  vol.  32,  p.  231. 

lConoc€phalu8'\  Billings,  1861 ;  Canadian  Naturalist,  vol.  6,  p.  324. 

IConocephalites'i  adamai  Billings,  1863;  Geol.  Canada,  p.  286,  lig.  294. 

lCon4>cephalit€s'\  adamsi  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  12,  fig.  15. 

adamai  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  195,  pi.  26,  figs.!, 

1  a-c.  Middle  Cambrian. 

Syn.,  arenosus  (Billings)  Walcott,  1886;  Bull.  U.  S,  Geol.  Survey,  No.  30,  p.  195. 
— .—  lEulomaf]  affinis  Walcott,  1882 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey, 
vol.  8,  p.  54,  pi.  10,  fig.  12.  Cambrian  and  Silurian. 

ICrepicejyhaUis  {Dathyurus^l  angulatus  Hall  and  Whitfield,  1877;  U.  S.  Geol. 

Expl.  4pth  Par.,  Palasont.,  vol.  4,  p.  220,  pi.  2,  fig.  28.  Potsdam. 

?  angulatuB  Walcott,  1884;  Pal.  Eureka  Dist.,  Moii.  II.  S.  Geol.  Survey,  vol.  8, 

p.  269. 

-?  annectans  Walcott,  1884 ;  Pal.  Eureka  Dist,,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  91,  1)1.  12,  fig.  18.  Cambrian. 

ICrepicephalus  (LoganeUus)']  anytus  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl. 

40th  Par.  vol.  4,  p.  219,  pi.  2,  figs.  19-21.  Potsdam. 

anytUB  Walcott,  188^1;  Pal.  Eureka  Dist.,  Mou.  U.  S.  Geol.  Survey,  toI.  8,  p.  56, 

pi.  9,  fig.  26. 

ILiaostracusI  anytus  Brogger,  1886;  Geol.  Foren.  Stock.  Forhandl.,  vol.  8,  p.  212. 

IConoceph,']  antiquatus  Salter,  1859;  Quart.  Jour.  Geol.  Soc.  London,  vol.  15,  p. 

554,  fig.  2.  Potsdam. 

Syn.,  IConoceph,]  arenosm  Billings,  1861;  Geol.  Vermont,  vol.  2,  p.  952,  fig.  358. 

[ConocepK^arenosm  Billings,  1861;  Pamphlet  published  in  advance  of  Pal. 

Foss.  Canada,  vol.  1 ;  also.  Pal.  Foss.,  vol.  1,  p.  15,  fig.  18. 
[Conoceph,]  arenosm  Billings,  1863;  Geol.  Canada,  p.  28(),  fig.  297. 
Walcott  (Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  195)  refers  this  species  to  Pty^ 
ckoparia  a^vMi* 
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Ptychoparia  [ Conoceph. ]  aurora  Hartt,  1868 ;  Acadian  Geology,  p.  653.    (See  Ptycho- 
parla  ouangondianus.) 

lConooeph,'\  billingsl  Shumard,  1861 ;  Am.  Jour.  Sci.,  2d8erieS}  vol.  32,  p.  219. 

Potsdam. 

IConoceph.  f]  biuodosus  Hall,  1863;  16th  Kept.  New  York  State  Cab.  Nat.  Hist., 

p.  16U,  pi.  7,  fig.  47.  Potsdam. 

[Sohnopleuraf]  breviceps  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol. 

Saryej,  toI.  8,  p.  49,  pi.  10,  ii<;.  9.  Cambrian. 

\_Conoeephalite8'i  calymenoides  Whitfield,  1878;  Ann.  Rept.  Geol.  Survey  Wia- 

consin,  1877,  p.  52;  Potsdam. 

IConocephaliteal  calymenoides  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  179, 

pi.  3,  figs,  2-5. 

calymenoides  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol. 

8,  p.  48. 
ICrepicephalM  {LoganeUus)^  centralis  Whitfield,  1880 ;  Geol.  Resources  Black  . 

Hills  Dakota,  p.  341,  pi.  2,  figs.  21-24.  Potsdam. 

{^Conocephalitesl  chippeWaensis  (Owen)  Shumard,  1863;  Trans.  St.  Louis  Acad. 

Sci.,  vol.  2,  p.  104. 
[Lonchocephahis]  chippe'^aenais  Owen,  1852;  Rept.  Geol.  Survey  Wisconsin, 

Iowa,  and  Minnesota,  p.  576,  pi.  8,  figs.  6,  14 ;  pi.  1  a,  fig.  9. 
?  (subgenus  f)  clavata  Walcott,  1887;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  198, 
pi.  1,  fig.  3.  Cambrian. 

IConoceph]  cordilleraB Rominger,  1887;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  17,  pi.  1, 
fig.  7.  Cambrian, 

cordillerse  Walcott,  18^ ;  Am.  Jour.  Sci.,  3d  series,  vol.  36,  p.  165. 
IConoc^jyh]  depreastts  Shumard,  1861;  Am.  Jour.  Sci.,  2d  series,  vol.  32,  p.  219. 

.  Potsdam. 

IConoceph]  diadematus  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist, 

p.  167,  pi.  7,  figs.  36-39;  pi.  9,  figs.  18-21  (f).  Potsdam. 

lEulomat]  dissimilis  Walcott,  1884;  Pal.  Eureka  Dist.,  Mou.  U.  S.  GeokSurvey, 

vol.  8,  p.  51,  pi.  9,  fig.  28.  Cambrian. 

IConooeph  (Arionellus  ?)]  dorsalis  Hall,  1863;  16th  Rept.  New  York  State  Cab. 

Nat.  Hist.,  p.  222.  ^  Potsdam. 

{Conoceph]  elegans  Hartt,  1868;  Acadian  Geology,  p.  650,  St.  John. 

IConoceph]  eoa  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  151, 

pi.  7,  figs.  24,  25 ;  pi.  8,  figs.  2-9.  Potsdam. 

eos  Walcott,  1884;  Pal.  Eurbka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  51. 

[  Conooeph.  ]  eryon  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  157, 

pi.  7,  figs.  10-16;  pi.  8,  figs.  16,31.  Potsdam. 

fitchi  Walcott,  1887;  Am.  Jour.  Sci,,  3d  series,  vol.  :M,  p.  197,  pi.  1,  iig.  6. 

Camb^an. 

•  IConooeph,]  formoBiiB  Hartt.    (See  Ptyohoparia  robbi  Hartt.) 

iConocepK  (Ptychoparia)]  gallatinenais  Meek,  1873;  6th  Ann.  Rept.  U.  S.  Geol. 

Survey  Territories,  1872,  p.  485.  Potsdanu 

Referred  by  Walcott  to  Ptyohoparia  oweni  Meek  and  Hayden. 

[Crepicephalus  {Loganellus])  grstimioBUB  Hall  and  Whitfield,  1877;  U.  S.  Geol. 

Expl.  40th  Par.,  Palseont.,  vol.  4,  p.  214,  pi.  2,  figs.  1,  2,  3.  Potsdam. 

granulosus  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  57. 

[Crepicephaliu  {Loganellus)]  haguel  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Ezpl. 

40th  Par.,  Pala^ont.,  vol.  4,  p.  210,  pi.  2,  figs.  14,  15.  Potsdam. 

haguel  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  57. 

[Lisoitraeus]  haguel  Brogger,  1886;  Geol.  Foreningens  Stockholm  Forhandl., 

vol.  8,  p.  202. 
IConoceph.]  halli  Hartt.    (See  Ptychoparia  creates  Hartt.) 
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Ptychoparia  housbnaia  Walcott,  1886;  Bull.  U.  S.  Gcol.  Survey,  No.  30,  p.  201,  pi.  25, 

&g.  5.  Middle  Cambrian. 
IConoooryph^  (Concephalite8)'\  kingii  Meek,  1870;  Proc.  Acad.  Nat.  Sci.  Phila., 

vol.  22,  p.  6.}. 
IConocor^phe  (CoMOcp/irtZite«)]  kingii  Meek,  187X;  U.  S.  Geol.  Expl.  40th  Par., 

Palieoat.,  vol.  4,  p.  20,  pi.  1,  fig.  4. 
ICanocorypht  (Ptifchoparia)]  kingli  Mock,  1873;  6tb  Aaii.  Kept.  U.  S.  Geol.  Sur- 
vey Territories,  1872,  p,  487. 
IConoeoryphe  (Ptychoparia)'\  kingli  White,  1876;  U.  S.  G(eo^.  and  Greol.  Surveys 

West  100th  Mer.,  Pahcout.,  vol.  4,  p.  40,  pi.  2,  figs.  2  a,  b,  c. 
ILiosiracus]  kiugil  Brogger,  188G;    Geo!.  Fiireuiagens  Stookbolm  Forhandl., 

Tol.  8,  p.  205. 
-  -  •  kingii  Waloott,  1886 ;  BnU.  U.  8.  Geol.  Survey,  No.  30.  p.  193,  pi.  27,  figs.  4, 4  a. 

Middle  Cambrian. 
laeviceps  Walcott,  1884;  Pal.  Eureka  Dlst.,  Mon.  U.  8.  Geol.  Survey,  vol.  8,  p. 

54,  pi.  10,  figs.  17, 18.  Cambrian. 
lConocephalite8iPteroceph(iliM)'ila.ticepB  Hall  and  Whitfield,  1877;  U.  S.  Geol. 

Expl.  40tb  Par.,  Pala^ont.,  vol.  4,  p.  67,  221,  pi.  2,  figs.  4-7.  Cambrian. 
IPterocephalua]  latlceps  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  G«ol.  Sur 

veyj  vol.  8,  p.  59. 
?  linnarosoni  Waleott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  47,  pi.  9,  figs.  18, 18  a.  Cambrian. 

ILoganellus^  logani  Devine,  1863 ;  Canadian  Naturalist,  vol.  8,  p.  95,  figure. 

Potsdam. 

lOlmusfl  logani  Billings,  1865;  Pal.  Foss.,  vol.  1,  p^.  201,  figs.  185,  186. 

Syn.,  I  Loganellus']  quehecenaia  Billings  ;  idem.,  p.  203. 

logani  Walcott,  1884;  Bull.  U-  S.  Geol.  Survey,  No.  10,  p.  36. 

ICrepicephalua  (Loganella)]  xxiajculoauB  Kail  and  Whitfield,  1877;  U.  S.  Gk3oI. 

Expl.  40fch  Par.,  Palteont.,  vol.  4,  p.  215,  pi.  2,  figs.  21,  25,  26  (f ).         Potsdam. 
maqulOBUs  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  pp. 

269,  271. 

IConooeph.l  minor  Shumard,  1863 ;  Trans.  Acad.  Nat.  Sci.  St.  Louis,  vol. 2,  p.  IDS. 

Potsdam. 
— —  (Undet.)  trilobtteOwen,  1848;  Geol.  Recouuoissance  Chippewa  Land  Dist.,  p.  15, 

pl.  7,  fig.  4. 
[  Conoceph,  ]  minor  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  149, 

pl.  8,  figs.  1-4. 

minor  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol  Ssirvey,  vol.  8,  p.  91, 

IConoceph.]  minatus  Bradley,  1860;  Am.  Jour.  Sci.,  2d  series,  vol.  30,  p.  24,  3 

figs.  Potsdaui. 

JiConoeeph.'\  minutus  Bradley,  1860;  Canadian  Naturalist,  vol.  5,  p.  420,  figs.  1-3. 

[Cotioceph,'\  minutus  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 

ir.O,  pl.  8,  tigs.  5-7. 

miuutUB  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  91. 

minutus  Walcott,  18«6;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  21. 

lConoc€2)h,]  miaer  Billings,  1861 ;  New  or  little  known  Sil.  Foss.,  p.  12,  fig.  14. 

Pot«dttm. 

IConoceph.l  miser  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  950,  fig.  354. 

IConoc^pK'l  miser  Billings,  1863;  Geol.  Canada,  p.  286,  tig.  393. 

[_Conoc€ph.'\  miser  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  12,  fig.  14. 

miser  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No  30,  p.  199,  pl.  27,  fig.  2. 

iCrepicephalua  (Logane1hi)'\  montanensis  W bitfield,  1S76;  Rept.  Recon.  Upper 

Missouri,  p.  141,  pl.  1,  figs.  1,  2.  Potsdam. 

montanensis  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  ^, 

t    pp.  53,  56. 
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P^fohoparla  mucronattis  Sbaler  and  Foerste,  1888;  Bali.  Mus.  Comp.  Zool.  Har- 
vard Coll.,  vol.  16,  p.  37,  pi.  2,  fig.  21.  Cambrian. 

ICanoc^h.  ]  nasntua  Hall,  1863 ;  IBth  Rept.  New  York  State  Cab.  Nat.  Hiat,  p. 

155,  pi.  7,  flg8.  3-9.  Potsdam. 

{^Conoceph.'i  neglectiis.     (See  Ptyohoparla  tener.) 

ICre^cephalas  (Loganella)]  nitidua  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl. 

40th  Par.,  Paheont.,  vol.  4,  p.  212,  pi.  2,  figs.  8-10.  Cambrian. 

Syn.,  CrepicepUalus  \^Loga»ella]  aimulator  (Hall  and  Whitfield)  Walcott. 

-nitddUB  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  57. 

occidentalia  Waloott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  51,  pi.  10,  fig.  5.  Cambrian. 

-  IConoceph.]  oreates  Hartt,  1868;  Acadian  Geology,  ]>.  641^,  fig.  225.       St.  John. 
Syn.,  Conoceph,  halli  (Hartt)  Walcott;  Bull.  U.  S.  Geol   Survey,  No.  10,  p.  40. 

CoHoceph.  thersites  (Hartt)  Walcott;  Bull.  IJ.  S.  Geol.  Survey,  No.  10,  p.  40. 
oreates  var.  theraitea  Walcott,  18S4 ;  Bull,  U.  S.  Geol.  Survey,  IJo.  10,  p.  40. 
Syn.,  areaU*  Wi^loott,  1884 ;  Bull.  U.  8.  Geol.  Survey,  No.  10,^  p.  39,  pi.  5,  figs.  3, 
3a. 

-  ISoleHopleura'i  oreates  Matthew,  1887;  Trans.  Royal  Soo.  Canada,  vol.  4,  y.  154. 
pi.  2,  figs.  4  a-e. 

-  IFterocephulus]  occidena  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Sur- 
vey, vol.  8,  p.  58,  pi.  9,  fig.  21.  Cambrian. 

-  IConocepk.}  ouangondiana  Hartt,  1868;  Acadian  Geology,  p.  651,  fig.  226. 

St.  John. 

-  puangondiana  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey^  No.  10,  p.  37,  pi.  5,  figs. 
4,  4  a-f. 

-  ouangondiana  var.  aurora  (Hartt)  Walcott;  Bull.  U.  S.  Geol.  Survey,  No.  10, 
p.  38,  pi.  5,  fig.  5. 

-  ILioairaaua]  ouangondlana  Matthew,  1887 ;  Trans  Royal  Soc.  Canada,  p.  138. 

-  o^nreni  (Meek  and  Hayden)  Walcott,  1884  ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol. 
Survey,  vol.  8,  p.  55,  pi.  10,  figs.  3,  3  a.  (See  Agraulus  O'vireui  Meek  and  Hay- 
den.) 

The  following  species  are  referred  by  Walcott  (Mon.  U.  S.  Geol.  Survey,  vol. 
8,  p.  55)  to  Ptychoparia  oweni :  • 

Arionellus  oweni  Meek  and  Hayden,  1862 ;  Am.  Jour.  Sci.,  2d  series,  vol.  :^,  p.  74. 
Agrauloa  ovceni  Meek  and  Hayden,  1864 ;  Pal.  Upper  Missouri,  p.  9,  figs,  ar-c,  pi. 

l.fig.  4. 
Conocoryphe  {Ptychoparia)  gallatineii sis  Meek,  1870;  6th  Ann.  Rept.  U.  S.  GteoL 

Survey  Territories,  1872,  p.  485. 
Crepicephalus  (Loganella)  centralis  Whitfield,  1880 ;  Geol.  Resources  Black  Hills, 

Dakota,  p. 341, pi. 2,  figs. 21-24. 

-  IConoceph.  ]  oweni  Hull,  1863 ;  16th  Rept.  New  York  Stat«  Cab.  Nat.  Hist.,  p.  155, 
pi.  8,  figs.  17-20.  Potsdam. 

-  ICrepicephalm  (Loganella)'\  planus  Whitfield,  1877;  Prelim.  Rept.  Pal.  Black 
Hills,  p.  11.  Potsdam. 

-  ICrejricephaliis]  planus  Whitfield,  1880;  Geol.  Black  Hills  Dakota,  p.  343,  pi.  2, 
fig.  20. 

-  ?  pemasutus  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 
49,  pi.  10,  figs.  8, 8  a,  b.  Cambrian. 

'IConoceph.l  perseus  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  153, 
pi.  7,  figs.  17-22 ;  pi.  8,  fig.  33.  Potsdam. 

-  piochensis  Walcott,  1886;  Bull.  U.S.  Geol.  Survey,  No.  30,  p.  201,  pi.  26,  fig.  2- 
2  a.b ;  pi,  28,  figs.  1-1  a-e.  Middle  Cambrian, 

-  ?  proBpectensls  Walcott,  1884  ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol, 
8.  p.  46,  pi.  9.  fig.  20.  Cambrian 

-  ?  prospectensis  Walcott,  ia86f  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  202,  pi  27 
fig.  5. 
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.Ptychoparia  quadrangularis  Whitfield.    The  specific  name  of  CoffoeepA.  qimdralM 

being  preoccupied.  Prof.  R.  P.  Whitfield  snbfltitutcs  that  oT ^juadranrjularis  (or 

the  species. 
ICrepicepalus  {Loyanella)]  quadrans  Hall  and  Whitfield,  1877;  U.  S.  Geo].  ExpL 

40th  Par.,  Pala30ot.,  vol.  4,  p.  238,  pi.  2, figs.  11-13. 
quadrans  Walcott,  1866 ;  Bull. U.S.  Geol.  Survey, No.  30. p.  199, pi.  29, figs.  4-4 

a,b.  Cambrian. 

IConooeph.l  quadrahi^.    (See  Ptychoparia  quadrangularis.) 

;  IConoceph^l  quadratus  Hartt,  1868;  Acadian  Geology,  p.  654.  St.  John. 

quadratus  Walcott,  1884  ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  39,  pi.  5,  fig.  1. 

IConoceph.f]  quadratus  Whitfield,  1880;  Ann.  Rept.  Geol.  Survey,  Wisconsin, 

1879,  p.  47.* 
IConoceph.f]  quadratus  Whitfield,  1882;  Geol. Wisconsin,  vol.4,  p.  180, pLl, 

figs. ,  15, 16.    ( See  Ptychoparia  quadrangularis  Whitfield. ) 

[  Conoceph,}  rohbi  Hartt,  1868 ;  Acadian  Geology,  p.  648.  St.  John. 

Syn.,  Conoceph,  formosa  (Hartt)  Walcott ;  Bull.  U.  S.  Geol.  Snryey,  No.  10,  p.  36. 

rohbi  Walcott,  1884  ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  36,  pi.  6,  figs.  1, 1  a. 

ISolenopleurd]  robbi  Matthew,  1887;  Trans.  Royal  Soc.  Canada,  vol.  4,  p.  1S3,  pi. 

2,figs.3  »-l;  fig.4a-e. 

rogersi  Walcott,  1884 ;  Bull.  U.  S.  Gteol.  Survey,  No.  10,  p.  47,  pi.  7,  fig.  2. 

Lower  Cambrian. 
lC<moceph,'\  shumardl  Hall,  1863 ;  16th  Bept.  New  York  State  Cab.  Nat.  Hist.,  p. 

154,  pi.  7,  figs.  1-2 ;  pi.  3,  figs.  19, 32.  Potsdam. 
similis  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  G^l.  Survey,  vol.  8,  p.  52,  pi. 

10,  figures.  Cambrian. 

■<mm«  var.  robustus  Walcott ;  idem*,  p.  53,  pL  1,  figs.  9, 9  a. 

IConoceph.'i  subooronatus  Hall  and  Whitfield,  1877;  U.  S.  (jreol.  Expl.  40th 

Par.,  Palasont.,  vol.  4,  p.  237,  pi.  2,  fig.  1. 
subooronatus  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  205,  pi.  28, 

fig.  4.  Middle  Cambrian. 
[  Conoceph,  ]  teucer  Billings,  1861 ;  New  or  little  known  Sil.  Foas.,  p.   12, 

fig.  16. 

IConoceph,']  tsucer  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  951,  fig.  356. 

IConoceph,']  teucer  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  13,  fig.  16. 

lCenooeph.'\  teucer  Billings,  1863;  Geol.  Canada,  p.  286,  &^,  295. 

teucer  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  197,  pi.  26,  fig,  3. 

Middle  Cambrian. 

[Conoctfpfc.]  tener  Hartt,  1868 ;  Acadian  (Steology,  p.  652.  St.  John. 

Syn.,  Conoceph.  neglectus  (Hartt)  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10, 

p.  41. 

tener  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  41,  pi.  5,  figs.  6,  6  a,  b. 

IConoceph, 1  therntes,    (See  Ptychoparia  orestus  Hartt.) 

triUneatus,    (See  Atops  trilineatus,  Conocoryphe  trilineatus,  Conocepha- 

lites  trilineatus,  Calymene  beckii,  Triarthrus  beckii.) 
ICrepicephuhis  {LoganeUa)"}  unisulcatus  Hall  and  Whitfield,  1877;  U.  S.  Geol. 

Expl.  40th  Par.^  Palceont.,  vol.  4,  p.  216,  pi.  2,  figs.  22,23.  Cambrian. 
unisulcatus  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  58. 
lConoceph,'\  verucosus  Whitfield,  1884 ;  Bull  Am.  Mus.  Nat.  Hist.,  vol.  1,  p.  146, 

pi.  14,  fig.  12.  Potsdam. 
lConoceph,'\  vulcanus  Billings,  1861;  New  or  little  known  Sil.  Foss.,  p.  14, 

fig.  17. 

[Conoceph.l  vulcanus  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  952,  fig. 357. 

IConoceph/]  vtdcanuB  Billings,  1863;  Geol.  Canada,  p.  286,  fig.  296. 

IConoceph.]  vulcanus  Billings,  1865;  Pal.  Fobs.,  vol.  1,  p.  14,  fig.  17. 
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Ptyohoparia  vulcanuB  Waloott,  1886;  BtOl.  U.  S.  Geol.  Survey,  No.  30,  p.  196,  pL 
26,  figB.  4,  4  a.  Middle  Cambrian. 

Compare  Fiyckoparia  odamH, 

IConooeph,']  winoua  Hall,  1863;  16th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p. 

161,  pi.  7,  figs.  26-28.  Potsdam. 

ICanoceph,}  zenkexi  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  305,  fig.  4. 

Quebec. 
-^—  IConooeph.'i  zenkeri  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  398,  fig.  375. 
Remopleurides  Portlock,  1843;  Rept.  GeoL  Londonderry,  etc.,  p.  254. 
Type,  RemoplewrideB  oolbii  Portlock. 
Syn.,  CopAyra  Barrande,  1846;  Notice  Prelim.,  p.  32. 
Amphytryon  Corda,  1847 ;  Prodr.,  p.  228. 

afflnls  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  325,  fig.  313.  Quebec. 

canadenaifi  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  182,  fig.  164.  Chazy. 

pander!  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  293,  fig.  283.  Quebec. 

?  sohlotheimiJBillings,  1865;  Pal.  Foss,,  vol.  1,  p:294,  fig.  284.  Quebec. 

Syn.,  Paradoxidea  or  Olenellw  Billings,  1863;  Geol.  Canada,  pp.  871,872. 
— »  fltriatolus  Walcott,  1875;  Cincinnati  Quart.  Jour.  Sci.,  vol.  2,  p.  347,  fig.  27, 
27  a,  b.  Trenton. 

Sao  Barrande,  1846;  Notice  Pr^im.  Syst.  Sil.  Bohdme,  p.  13. 

?  lamottenslB  Whitfield,  1886;  Bull.  Aih.  Mus.  Nat.  Hist.  New  York,  vol.  1,  p. 

334,  pi.  33,  figs.  9-11.  Birdseye  Limestone. 

ShnnuuxUa  BilUngs,  1862;  Pal.  Foss.,  vol.  l,p.92. 
Type,  Shumardia  granulosa  Billings. 

The  generic  name  therein  suggested  by  Mr.  E.  Billings  for  a  minnte  Trilobite 
includes  a  specimen  having  an  expanding  glabella,  with  two  anterior  side 
nodules,  simular  to  those  of  Batius  pusillua  Sar,  the  genus  being  allied  to 
AgnostiUf  differing  therefrom  in  having  a  regularly  ribbed  pygidium,  similar  to 
that  of  an  Asaphus.  Comparing  Mr.  E.  Billings's  type,  Shumardia  granuhm, 
with  Canophrya  salojnenais  Galloway  (Quart.  Jour.  Geol.  Soc.  London,  vol.  33,  p. 
667,  pi.  12.  fig.  7),  which  W.  C.  BrSgger  (Sil.  Etagen  2  und  3,  p.  125)  refers  to  as 
a  synonym  to  Baitua  puaillM,  we  find  a  similar  characteristic  in  the  glabella. 
The  pygidium  of  Shumardia  granuloaa  has  however  a  more  semi- oval  form,  with 
a  greater  number  of  axis  rings  and  an  additional  number  of  ribs  on  the  side 
lobes. 

The  head  of  Shumardia  granuloaa  differs  from  Battua  puaillus  in  having  a 
groove,  which  runs  from  the  anterior  front  of  the  glabella  to  the  frontal  margin 
of  the  head,  a  characteristic  of  some  species  of  Agnoatida  {vid.  Brogger,  Sil. 
Etagen  2  und  3,  pi.  1,  fig.  10). 

Mr.  Billings  remarks  *^  that  in  some  specimens  this  farrow  has  at  the  bottom 
a  small  triangular  tubercle,  giving  the  glabella  the  appearance  of  having  a 
projecting  angular  process  in  the  middle  of  its  front."  I  am  more  inclined  to 
view  this  triangular  tubercle  as  a  point  of  attachment  for  the  muscles  of  the 
jaws,  and  not  as  a  process  for  the  attachment  of  antennae. 

Mr.  E.'  Billings  in  the  same  book  gives  a  description  of  a  second  species, 
which  he  calls  Shumardia  glaciali8f  figured  p.  283,  fig.  270.  The  species  is 
represented  with  three  glabella  furrows,  and  should  not  be  included  in  the 
genus  Shumardia. 

If  these  forms  are  not  embryonic,  against  which  in  the  case  of  Conophrya 
aalopienaia  Mr.  C.  Callaway  dissents  on  account  of  the  constant  size  of  the 
heads  and  the  absence  of  the  facial  sutures  amongst  the  larger  specimens,  I 
would  advocate  the  acceptance  of  the  new  genus  Shumardia  amongst  the  Agnoa* 
Uda  for  such  species  as  Shumardia  granuloaa  and  Battua  puaillua  to  replace  the 
latter  generic  term  of  Conophrya. 
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Solenopleura  ADgeliD,  1854 ;  Palsont.  Scand.,  p.  26. 
Type,  Solenopleura  hoUtmetopa  ADgelin. 

DiagDosiB:  Glabella  prominent,  with  three  distinct  fairows;  fixed  cheeks, 
elevated  especially  in  the  middle;  front  limb  convex;  occipital  ring  bearing  a 
tubercle;  genal  angles  pointed;  thorax,  pleurae  bluntly  rounded;  pygidium 
small  with  few  segments;  surface  of  shell  granulated  with  or  without  scat- 
tered tubercles. 

acadla  Whiteaves,  1885 ;  Trans.  Royal  Soo.  Canada,  vol.  3,  p.  76,  pi.  7,  fig.  15. 

Cambrian. 

aoadla  Whiteaves,  1887 ;  Trans.  Royal  Soc.  Canada,  vol.  4,  p.  157,  pi.  2,  figs. 

5  a,  b,  c. 

acadia  var.  elongata  Matthew,  1887 ;  idem,,  p.  159,  pi.  1,  fig.  6. 

bomblfirona  Matthew,  1886 ;  Trans.  Royal  Soo.  Canada,  vol.  2,  p.  156,  figs.  5-5  a  b. 

St.  John. 

communifl  Billings,  1874 ;  Pal.  Foss.,  vol.  2,  p.  72.  Potsdam. 

communis  Matthew,  1886 ;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  155,  figs.  4-4  a,  b. 

-— — nana  Ford,  1878;  Am.  Jour.  Sci.,  3d  series,  vol.  15,  p.  126.  Potsdam. 

nana  Waloott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  214,  pi.  27,  fig.  3. 

?  nana  Walcott,  1887 ;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  196,  pi.  1,  figs.  l-I  d« 

Cambrian. 

oreatea  (Hartt)  Matthew,  1887 ;  Trans.  Royal  Soc.  Canada,  vol.  4,  p.  154,  pi.  2^ 

fi|^s.  4  a-e. 
Syn.,  robhi  (Hartt)  Matthew,  1887;  Trans.  Royal  Soc.  Canada,  vol.  4,  p.  153| 
pi.  2,  figs.  3  a-1  and  figs.  4  a-e.  St.  John. 

?  tumida  Waloott,  1887 ;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  196,  pi.  1,  fig.  2, 2  a. 

Cambrian. 
Spbasrexochua  Beyrich,  1845 ;  Ueber  einige  bohmische  Trilobiten,  p.  19. 
Type,  SphoBrexoohua  mirue, 

canadenaia  Billings,  1866 ;  Catalogue  Sil.  Foss.  Anticosti,  p.  64,  fig.  21. 

mima  (Beyrich)  Roemer,  1860 ;  Die  Sil.  Fauna  W.  Tennessee,  p.  81,  pi.  5,  fig.  20. 

Niagara. 

parroB  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  180,  fig.  161.      Chazy  and  Trenton. 

romingeri  Hall,  1862;  Geol.  Rept.  Wisconsin^  p.  434.  Niagara. 

Syn.,  mirue  Hall  (not  Beyrich),  1867 ;  20th  Rept.  New  York  Stote  Cab.  Nat. 
Hist.,  p.  334,  pi.  21,  figs.  4-7. 

romingeri  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  375,  pL  28, 

figs.  4-7. 

romingeri  Hall,  1870;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  425,  pi. 

21,  figs.  4-7  (rev.  ed.). 

romingeri  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  311,  pi.  21,  figs.  1-3. 

romingeri  ?  Hall;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  32,  pL 32, fig.  16. 

romingeii  Meek  and  Worthen,  1875;  Geol.  Survey  Illinois,  vol.  6,  p.  510,  pL24, 

fig.  4. 
Sphseroooryphe  Angelin,  1854 ;  Palseont.  Scand.,  p.  65. 

Type,  SphcBrocoryphe  dentata  Angelin. 
robustus  Walcott,  1875 ;  Cincinnati  Quart.  Jour.  Sci.,  toL  2,  p.  273,  figs.  18  a,  b. 

Trenton. 
aaltari  Billings,  1866 ;  Catalogue  Sil.  Foss.  Anticosti,  p.  63. 

Symphysurus  Goldfnss,  1843;  Jahrb.  fttr  Mineral.,  1843,  p.  552. 

?  goldlussi  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  voL  8, 

p.  95,  pi.  12,  fig.  16.  Pogonip. 

Telephua  Barrande,  1852 ;  Syst.  Sil.  Bohdme,  vol.  1,  p.  890. 

americanua  Billings,  1865 ;  Pal.  Fosb.,  vol.  1,  p  291,  figs.  281.  Qaebec. 

TerataepU  HaU,  1863;    16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  223.    (See 

Lichaa  and  Acidaspis.) 
— ^  grandii,    (See  Liohaa  [  Terataepie]  grandis  Hall.) 
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Teratas^  eriopa.    (8ee  Zaichaa  IConoliclwe']  eriops  Hall.) 
Thaleops  Conrad,  1843;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  1,  p.  332. 

ovatus  Conrad.    (See  IllaDnas  ovatua.) 

TriarthreUa  Hall,  1863;  16th  Rept.  New  Tork  State  Cab.  Nat.  Hist.,  p.  177. 

anrorallB  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  177,  pi.  9, 

fig.  13.  Potsdam. 

Triaithras  Green,  1832 ;  Monthly  Am.  Jonr.  Geol.,  vol.  1,  p. 560  (Jane).    Green,  1832 ; 
Hon.  Tril.  North  America,  p.  86. 
Type,  Triarihrus  heekii  Green. 

beckil  Green,  1832;  Monthly  Am.  Jonr.  Geol.,  vol.  1,  p.  560,  pi.  1,  fig.  3  (Jane). 

beckil  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  86,  cast  34,  pi.  1,  fig.  3. 

beokii  Harlan,  1835;  Trans.  Geol.  Soc.  Penn.,  vol.  1,  p.  205,  pi.  15,  fig.  6. 

Syn.,  IPatadoxideal  triarthrua  Harlan,  1835 ;  Trans.  GeoL  Soc.  Penn.,  vol.  1,  pL 
p.  264,  15,  fig.  5. 
IParadaxidea"]  arcuatua  Harlan,  1835;  Trans.  Greol.  Soo.  Penn.,  vol.  1,  p. 
265,  pi.  15,  figs.  1-3. 

beokii  Harlan,  1835;  Med.  Phys.  Researches,  p.  400,  pi.,  fig.  6. 

Syn.,  [Paradaxides']  triarthrua  Harlan,  1835;  Med.  Phys.  Researches,  p.  401,  pi., 
fig.  5. 
IParadaxidea"]  arcuatua  Harlan,  1835;  Med.  Phys.  Researches,  p.  402,  pi., 
figs.  1-3. 

beckil  Green,  1835 ;  Sappl.  Mon.  Tril.  N.  A.,  p.  yii. 

IParadoxidea^  beckil  Hall,  1838;  Am.  Jonr.  Sci.,  1st  series,  vol.  33,  p.  142,  fig.  2. 

Syn.,  Paradoxidea  eaioni  Hall,  1838;  Am.  Jonr.  Sci.,  1st  series,  vol.  33,  p.  142, 

fig.  2. 

beokii  Green,  1838 ;  Am.  Jonr.  Sci.,  1st  series,  vol.  33,  p.  344. 

beckil  Mather,  1842;  Geol.  New  Tork,  Ist  Geol.  Dist.,  p.  390,  fig.  24  (1). 

beokii  Emmons,  1842;  Geol.  New  York,  2d  Geol.  Dtst.,  p.  399,  fig.  110  (1). 

beckil  Vanaxem,  1843;  Geol.  New  York.,  3d  Geol.  Dist,  p.  57,  fig.  8  (1). 

beckil  Hall,  1843;  Geol.  New  York,  41ih  Geol.  Dist.,  p.  504. 

ICalymene^  beokii  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  237,  pi.  64,  figs.  2  a-e.  . 

ICalymene']  beckil  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  250,  pi.  66,  figs.  2  i^rk 

(not  pi.  67,  fit^s.  4  a~e,  Atopa  irilinealua), 
Syn.,  Atopa  irilineatua  (Emmons)  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  237. 
-* —  [Calymenel  becki  Hall,  1848 ;  Am.  Joar.  Sci.,  2d  series,  vol.  5,  p.  322,  figs.  1  a,  b, 

2a-g. 

becki  Emmons,  1848 ;  Am.  Assoc.  Adv.  Sci.,  p.  17. 

beokii  Haldeman,  1848 ;  Am.  Jour.  Sci.,  2d  series,  vol.  8,  p.  137. 

beokii  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt,  2,  p.  214,  pi.  15,  fig.  12. 

ICalymenel  beckil  Rogers,  1858;  Qeol.  Sarvey  Penn.,  vol.  2,  p.  820,  fig.  613. 

beckil  Barrande,  1361 ;  Soc.  G^ol.  France,  2d  series,  p.  269,  pi.  5,  figs.  11, 12. 

beokii  Logan,  1863;  Geol.  Canada,  p.  202,  fig.  200. 

beokii  Miller,  1874;  Cincinnati  Qaart.  Joar.  Sci.,  vol.  1,  p.  146. 

becki  Walcott,  1876;  Trans.  Albany  Inst,  vol.  10,  p.  23,  pi.  2,  figs.  1-16. 

Trenton. 
[Brongniartia]  caroinodea  Eaton,  1832;  Am.  Jour.  Sci.,  1st  series,  vol.  22,  p. 

166  (March  6). 

IBrongniartia]  carcinodea  Eaton,  1832;  Geol.  Text  Book,  p.  33,  pi.  1,  fig.  3. 

oanadenais  Smith,  1861 ;  Canadian  Joar.,  vol.  6,  p.  275.  Hadson. 

fiacheri  Billings,  1861 ;  Pal.  Foss.,  vol.  1,  p.  291,  Ag.  280.  Qnebec. 

glaber  Billings,  1859;  Canadian  Natnralist,  vol.  4,  p.  382.  Utioa. 

glaber  Billings,  1863;  G(eol.  Canada,  p.  202,  fig.  198. 

apinoaua  Billiugs,  1859;  Canadian  Natnralist,  vol.  4,  p.  382.  Trenton. 

apinoaua  Billings,  18^33;  Geol.  Canada,  p.  202,  fig.  199. 

apinoaua  Ami,  1882;  Trans.  Ottawa  Nat.  Clab,  vol.  for  1882-^83,  p.  88,  pi.  1,  fi^^nre. 
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!'ru»rihrtu  trimerua  Green,  1632;  Monthly  Am.  Jour.  Geo!.,  vol.  1,  p.  560.    (See 
malonotus  delphlnooephalua  and  H.  Jaokaoni.) 

Mnucleua  Lhwyd,  IG^Q ;  Lithophyaoii  Britannic!  lohnographia,  Epiatola  1.    Mnr- 
ohiBon,  Silarian  System,  1639,  p.  659. 

Sir  R.  I.  MurchlBon  has  relived  this  old  name  of  Lhwyd's  from  classical  feel- 
ings, and  all  subsequent  palaeontologists  have  adopted  it.  Lhwy d's  descri pt  ion 
meant  no  more  than  the  general  name  of  Trilobite  of  the  more  modern  writers, 
and  could  not,  except  by  courtesy,  set  aside  Dr.  Jacob  Green's  genus  Crupioliihus, 

—  bellnloB  Ulrich,  1878 ;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  1,  p.  99,  pi.  4,  fig.  15. 

—  [^Nnttainia]  conoentrica  Eaton,  1832 ;  Geological  Text  Book,  p.  34,  pi.  1,  fig.  2. 
Syn.,  Trilobite  Bigsby,  1825 ;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  I,  pt.  2, 

p.  214,  pi.  15,  fig.  1.  Trenton  and  Hudson. 

CryptoUihus  Usaellatua  Green,  1632;  Mon.  Tril.  N.  A.,  p.  73,  cast  38,  pi.  1,  fig.  4. 
Crypioliihua  teasellatttB  Green,  1832 ;  Monthly  Am.  Jour.  Geol.,  vol.  1,  pi.  1, 

fig.  4. 

—  ooncentrica  Hall,  1847 ;  Pal.  New  York,  vol.  1,  pp.  249, 255,  pi.  65,  figs.  4  a,  b ;  pi. 

67,  figs.  1  a-h. 

—  ooncentxloa  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  212,  pL  17,  ^g,  L 

—  ooncentrica  Chapman,  1858;  Canadian  Jour.,  vol.  .3,  p.  514. 

—  ooncentrica  Billings,  1661 ;  Geol.  Vermont,  vol.  1,  p.  300,  fig.  215. 
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25,  fig.  4. 
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PART    III. 


NON-TRILOBITIC  GENERA  AND  SPECIES. 
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Sttlonurus  Page,  1856 ;  Advance  Text-Book  Geology. 
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DiPBLTia  Packard,  1885;  American  Naturalist,  vol.  19,  p.  293. 
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be  changed,  preoccupied  by  J.  Young.    See  Strioocaris. 
Mesothtra  Hall,  1888 ;  Palasont.  New  York,  vol.  7,  pp.  Ivi,  187. 
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SCHIZOOI8CUS  Clarke,  1888;  Pala^ont.  New  York,  vol.  7,  p.  207. 


V0GD18.1  CATALOGUK    OF   NON-TKILOBITES.  153 

BIVALVBD  ENTOMOSTRACA. 

CYPRIDINID^. 

Ctpbidina  liiln^Ed wards,  1838;  Lamarck's  Anim.  s.  Vert.,  vol.  5,  p.  178. 
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Betrichiella  Jones  and  Kirkby,  1886 ;  Qeol.  Mag./  n.  s.,  decade  3,  vol.  3,  p.  438. 
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« 

CTPBID^. 

Aglaia  Brady,  1867;  Challenger  £xped.,Bept.  on  Ostraooda,  p;  33. 
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ZoNOZOB  Barrande,  1872 ;  Syst.  Sil.  Bohdme,  yol.  1,  sappl.,  p.  554. 
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OEEBIPED^. 

Pluhuutbs  Barrande,  1872 ;  Syst.  Sil.  Bohdme,  yol.  1,  sappl.,  p.  565. 

Strobilbpis  Clarke,  1888 ;  Palseont.  New  York,  yol.  7,  p.  212. 

PALiBOCRBUSiA  Clarke,  1888;  Palsont.  New  York,  yol.  7,  p.  210. 

Protobalanus  Whitfield,  1888;  Pal»ont.  New  York,  yol.  7,  p.  Izii;  Boll.  Am.  Mns. 

Nat.  Hist.,  yol.  2,  1889,  p.  66. 
TUBRILBPAS  Woodward,  1865 ;  Qaart.  Joar.  Geol.  Soc.  London,  yol.  21,  p.  489. 

DBOAPODA. 

Amthrapauemon  Salter,  1861 ;  Qaart.  Joar.  Geol.  Soc.  London,  yol.  17,  p.  6a9« 
PAi^OPALiBMON  Whitfield,  1880;  Am.  Joar.  Sci.,  3d  series,  yol.  19,  p.  40. 
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—  Btiinpaoiii  Woodward,  1881 ;  Geol.  Mag.,  decade  2,  vol.  8,  p.  533,  pi.  14,  fig.  4. 

—  Btimpaoni  White,  lo84 ;  13tlr  Bept.  Dept.  Qeol.  Nat.  Hist.  Indiana,  p.  176,  pi.  37, 
figs.  4,  5. 

—  atimpaoni Packard,  1886;  Mem.  Nat.  Acad.  Sci.,  vol.  3,  p.  124. 
Packard  considers  this  species  to  be  the  young  of  Aeanihotelton  went, 

^l^iiwiitia  Jones  and  Holl,  1887;  Annals  Mag.  Nat.  Hist.,  5th  series,  vol.  3,  p.  217. 
bymefli  (Miller)  Jones,  1890 ;  Quart.  Jour.  Geol.  Soc,  voL  46,  p.  12,  pL  3,  figs. 

9-11.  Cincinnati. 
For  other  references,  see  Leperditia  hyrneH  Miller. 
apinoaa  (Hi^l)  Jones,  1890 ;  Quart.  Jour.  Geol.  Soc.,  vol.  46,  p.  11,  pi.  3,  figs. 

4-8.  Niagara. 
F5r  other  references,  see  Cytkerina  ipinosa  Hall. 
Ampliipeltia  Salter,  1863 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  19,  p.  75. 
paradozna  Salter,  1863 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  19,  p.  76,  figs.  11 

a,  b.  Devonian. 

paradojnia  Dawson,  1868;  Acadian  Geology,  p.  523,  fig.  180. 

•^—  paradoxus  Salter  and  Woodward ;  Chart  of  Fossil  Crustacea,  pi.  3,  fig.  3. 
Antkraoonetes  Meek  and  Worthen,  1868;  Am.  Jour.  Sci.,  2d  series,  vol.  46,  p.  21. 

mtu<meH8%8  Meek  and  Worthen.    (See  Buiyptama  maaonenaia.) 

Anthrapalssmon  Salter,  1861 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  17,  p.  529. 
Type,  A,  groaaarii  Salter. 

^acilia  Meek  and  Worthen,  1865 ;  Proo.  Aoad.  Nat.  SoL  Phila.,  vol.  17,  p.  50. 

Coal  Measures. 
^acilia  Meek  and  Worthen,  1866;  Geol.  Survey  Illinois^  vol.  2,  p.  407,  pi.  32, 

figs.  4  a,  b,  c, 
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AnthrapaUemoQ  gracilis  Meek  and  Worthen,  1868;  Geol.  Sonrey  Illinoia,  toL  3,  p. 

554,  figs,  a,  b. 
graoilifl  White,  1884 ;  13tfa  Rept.  Dept.  Geol.  Nat.  HUt.  Indiana,  p.  180,  pL  38, 

figs.  8, 9. 
—  gracilis  Packard,  1885 ;  American  Natoralist,  vol.  19,  p.  880. 
gracilis  Packard,  1886;  Mem.  Nat.  Acad.  Set.,  voL  3,  p.  135,  pL  4,  figs.  1,2,3,5^ , 

6;  pi.  7,  figs.  3-6. 

IPalasocarabual  hillianns  Dawson,  1678;  Geol.  Ifag.,  yoI.  4,  p*  56,  fig.  1. 

Coal  Measnres. 
lPalaso€arabu8'i  hillianns  Dawson,  1878;  Snppl.  Acadian  Geology,  p.  55,  fig. 

10. 
Aparcbites  Jones,  1889;  Annals  Mag.  Nat.  HiBt.,6tli  series,  vol.  3,  p.  385. 

mlnntissimus  (Hall)  Ulrich,  1889;  Contributions  Micro-Palsont.,  pt.  2,  p.  49. 

For  other  refercDces,  see  Leperditia  llaoekilina']  minuHsHma  Hall.      Hudson. 

nnicomis  Ulrich,  1889 ;  Contributions  Micro-PaI»ont.,  pt.  2,  p.  50,  pi.  9,  fig.  Ihi 

For  other  references,  see  Leperditia  unicornis,  HndBon. 

Aptychopsis  Barrande,  1872;  Syst.  Sil.  Bohdme,  vol.  1,  snppl. ,  p.  436. 
Archaeoctuis  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  voL  23,  p.  335. 

vermiformis  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  23,  p.  ^35. 

Carboni&ronsL 
Aristozoe  Barrande,  1872 ;  Syst.  Sil.  Bohdme,  snppl.,  vol.  1, p.  474. 

rotundata  Waloott,  1887;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  19!),  pi.  l,fig.9. 

Cambrisik^ 
troyensis  (Ford)  Walcott,  1887 ;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  193,  pL  fig- 

8.  CambrisES 

[£«per<lifia]  troyensis  Ford,  1873;  Am.  Jour.  Sd.,  3d  series,  voL  6,  p.  138. 

Aristozoe  sp*  Shaler  and  Foerste,  1888 ;  BulL  Mus.  Comp.  Zoology,  vol.  16,  p.  35,  pn 

2,  fig.  18.  Cambriaca 

Belinnms  Koenig,  1820 ;  Icones.  Foss.  Seotilee,  p.  18,  fig.  230 ;  Baily,  Annals  Mag.  Nt^ 
Hist.,  London,  3d  series,  vol.  11, 1863. 

dance  Meek  and  Worthen.    (See  Prest'wiohla  danas.) 

lacGSi  Packard,  1885 ;  American  Naturalist,  vol.  19,  p.  292.  Carboniferooac 

lacGSi  Packard,  1886;  Mem.  Nat.  Acad.  Sci.,  vol.  3,  p.  149,  pi.  5,  fig.  5. 

Beyrichia  McCoy,  1846;  Silurian  Foss.  Ireland,  p.  58. 
Type,  Beyrichia  klodeni  McCoy. 

asquilatera  Hall,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  158,  fig.  20.  Silurian  J 

aeqnilatera  Dawson,  1868 ;  Acadian  Geology,  p.  609,  fig.  217. 

asqnilatera  Jones,  1890 ;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  18,  pi.  2,  fig.  6. 

atlantica  Billings,  1865 ;  Pal.  Foes. .  vol.  1,  p.  300.  Quebeoe 

bela  Walcott,  1883;  Description  New  Species  Trenton  Group,  p.  7,  pi.  17,  figs.  11.  - 

11  a.  TrentonJ 
bela  Walcott,  1884;  35th  Bept.  New  York  State  Mus.  Nat  Hist,  p.  213,  pi.  17*: 

figs.  11,11a. 

bnchiana  ?  Jones,  1890 ;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  16,  pi.  3,  fig.  25. 

Cincinnati^ 

chambersi  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  234,  fig.  27. 

Hudson. 

chambersi  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  104,  pi.  4,  figs.  11, 12. 

ciliata  Emmons,  1855 ;  American  Geology,  pt.  2,  p.  219,  fig.  74  o.  Hudson. 

ciliata  Miller,  1875;  Cincinnati  Quart.  Jour.  Sci.,  vol.  2,  p.  351. 

ciliata  Jones,  1890 ;  Quart.  Jour.  Geol,  Soc,  voL  46,  p.  19,  pL  3,  figs.  12-16 ;  pi  4, 

figs.  16-18. 
Syn.,  Beyrichia  tumifrone  Hall. 

cincinnatiensis  Miller,  1875;  CinoinnnatiQuart.  Jonr.Soi.,vol.2,p.350,fig.25. 

Hudson. 
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Beyzlohia  olncinnatJensto  Waloott,  1876 ;  Trans.  Albany  Inst.,  vol.  10,  p. 23. 
olarkei  Jones,  1890 ;  Qaart.  Jour.  Geol.  Soo.,  vol.  46,  p.  17,  wood-oat,  fig.  2. 

Lower  Helderberg. 
dathrata  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p.  242, 
pL9,fig.  1.  Niagara. 

dagon  Clarke,  1885 ;  BnlL  U.  S.  GeoL  Sorvey,  No.  16,  p.  29,  pi.  2,  figs.  6, 7. 

Genesee. 
decora  BiUings,  1866 ;  Catalogue  Sil.  Foss.  Anticosti,  p.  67. 

—  doryi  Miller,  1874 ;  Cincinnati  Quart.  Joar.  8oi. ,  vol.  1,  p.  232,  figs.  24, 25. 

Hudson. 

—  fcstoidea  White  and  St.  John,  1868 ;  Trans.  Chicago  Aoad.  Soi.,  vol.  1.  p.  126,  figs. 
11  a,  b.  Niagara. 

—  grannloaa  HaU,  1876 ;  28th  Bept  New  Tork  State  Mas.  Nat.  Hist.,  Doc.  Ed.  Ezpl., 
pi.  32,  fig.  4.  Niagara. 

—  Srannlosa  Hall,  1876 ;  28th  Kept  New  Tork  State  Mas.  Nat.  Hist.,  p.  186,  pi.  32, 
fig.  4. 

—  granulosa  Hall,  1883;  11th  Annual  Rept.  Dept.  Geol.  Nat.  Hist.  Lidiana,  p.  331, 
pi.  34,  fig.  4. 

—  granulosa  Jones,  1890 ;  Quart.  Jour.  Geol.  Soo.,  vol.  46,  p.  15,  pi.  1,  fig.  3. 

—  grannlata  HaU,  1859;  Pal.  New  York,  voL  3,  p.  377,  pi.  79  b,  figs.  1  a-d. 

Lower  Helderberg. 

—  halll  Jones,  1890;  Quart.  Jour.  Geol.  Soo.,  voL  46.  p.  15,  pi.  4,  fig.  21. 

Waterlime. 

—  hamnt^fi^pM^  Jones,  1890 ;  Quart.  Jour.  Geol.  Soo.,  vol.  46,  p.  19,  pi.  2,  fig.  3. 

Hamilton. 

— jonesli  Dawson,  1868;  Acadian  Geology,  p.  313,  fig.  132.  Carboniferous. 

—  lata.    (See  Bollia  lata  Vanuzem.) 

—  lithof actor  White  and  St.  John,  Prelim.  Notice  New  Genera  and  Species  Foss., 
May  8,  1867,  p.  2. 

Changed  to  Beyricbia  petrlikotor,  which  see.  Coal  Measures. 

^-  Hthof actor  var.  velaia  ;  idem.,  p.  2.    (See  Beyrichia  petrifaotor  var.  velata.) 
"^  logani  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p.  244,  pL  9, 
figs.  6-10.  Chazy. 

^logani  Jones,  1858;  Geol.  Survey  Canada,  decade  3,  p.  91,  pi.  11,  figs.  1-6. 
--  logani  var.  remiformis  Jones,  1858 ;  G^l.  Survey  Canada,  decade  3,  p.  91,  pi. 

11,  fig.  1. 
*  logani  var.  leperditoidea  Jones,  1858;  Geol.  Survey  Canada,  decade  3,  p.  91,  pi. 

11,  fig.  5. 
'  axiaocoyana  Jones,  1855;  Annals  Mag.  Nat.  Hist.,  London,  2d  series,  vol.  16,  p. 

88,  pL  5,  fig.  14.  Onondaga, 

^xiaccoyana  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p.  252, 

pi.  10,  fig.  15p 
^^oacooyana  Jones,  1858;  Geol.  Survey  Penn.,  voL  2,  p.  834,  fig.  695. 
*a«<a to.    ( See  Klosdenla  notata  ( Hall )  Jones. ) 
^^ova  acotica  Jones  and  Kirkby,  1884 ;  Gtool.  Mag.,  5th  series,  vol.  1,  p.  337,  pi. 

12,  figs.  5,  6.  Carboniferous. 

^P  t  Dawson,  1868;  Acadian  Geology,  p.  256,  fig.  78  o. 

C  ^rimitia'l  occidentalia  Walcott,  1884 ;  PaL  Eureka  Dist.,  Mon.  U.  S.  Geol.  Sur- 
vey, vol.  8,  p.  104,  pi.  17,  figs,  4,  4  a.  Devonian. 

^^ulifera  Hall,  1871 ;  Pamphlet  Cincinnati  Group,  p.  8.  Hudson. 

^^^OQiifera  Hall,  1872;  24th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  232,  pi.  8, 

^gs.  9, 10. 
^^^Ulifera  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  103,  pi.  4,  figs.  9, 10. 
^^Otilifera  Miller,  1874;  Cincinnati  Qaart.  Jour.  Sci.,  vol.  1,  p.  118. 
^^nUfera  Jones,  1890 ;  Quart.  Jour.  QtoL  Boc.,  vol.  46,  p.  21,  pi.  4,  figs.  19  a,  b,  20. 
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Beyrlchia  oonUna  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  378,  pi.  79  b,  figs.  2 

Lower  Helderberg 

ooulina  Jonea,  1890 ;  Qaart.  Jonr.  Geol.  Soc.,  vol.  46,  p.  16,  pi.  1,  fig.  4. 

paraaitioa  (Hall)  Jones,  1690;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  16,  wood-cnl 

For  other  referenceB,  see  Leptrditia  parasitica, 
pexmsylvanica  Jones,  185B;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1 

p.  253,  pi.  10,  fig.  16-18.  •  Onondags 

pennsylvanica  Jones,  1858;  Geol.  Survey  Penn.,  vol.  2,  p.  834,  fig.  696. 

persolcata  Ulrich,  1879 ;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  2,  p.  12,  pi.  « 

fig.  6.  HadsoE 

petrliactor  White  and  St.  John ;  Trans.  Chicago  Acad.  Sol.,  vol.  1,  p.  125. 

petrlfactor  var.  velata ;  idem,,  p.  126. 

plagosa  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p.  24c 

pi.  9,  fig.  2.  Niagarf 

pttnctulilera  Hall,  1861 ;  Des.  New  Species  Fossils,  p.  83.  Hamiltoi: 

punctuUfera  Hall,  1862;  15th  Rept.^New  York  State  Cab.  Nat.  Hist.,  p.  111. 

puatulosa  Hall,  1860;  Canadian  Naturalist,  vol.  5,  p.  157,  fig.  19.  Siloriac 

puatulosa  Dawson,  1868 ;  Acadian  Geology,  p.  608,  fig.  216. 

puatulosa  Jones,  1890;  Quart.  .Jour.  Geol.  Soc,  vol.  46,  p.  18,  pi.  2,  fig.  1  »-< 

Referred  to  Beyrichia  iuberoulata  Boll  var.  pustuloaa  Hall. 

quadnlirata  Hall  and  Whitfield,  1875;  Pal.  Ohio,  vol.  2,  p.  105,  pL  4,  figs.  6, 7. 

Hndsoi 
quadrilirata  Miller,  1875;  Cincinnati  Qnart.  Jour.  Sci.,   vol.  2,  p.  351.     (S€ 

Strepula  quadrilirata.) 

regularla  Emmons,  1855  ;  American  Geology,  pt.  2,  p.  219,  fig.  74  b.        Hndsoi 

regularis  Miller,  1875;  Cincinnati  Quart.  Jonr.  Sci.,  vol.  2,  p.  351. 

This  species  is  placed  as  a  synonym  to  Bollia  lata  by  Jones  (1890,  Quar 

Jour.  Geol.  Soc,  vol.  46,  p.  13). 
remiforxnia  Jones,  1858 ;  Geol.  Survey  Canada,  decade  3,  p.  91,  pi.  11,  fig.  1. 

Chaz^ 

rlchardsoni  Miller,  1874 ;  Cincinnati  Qnart.  Jour.  Sci.,  vol.  1,  p.  347,  fig.  40. 

Hndsoi 

rugulifera  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.  London,  3d  series,  vol.  1,  p.  24i 

pi.  9,  fig.  4.  Niagari 
aigiUata  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  vol.  1,  p.  242,  pi.  9,  fig.  i 

Niagan 

simplex  (Jones)  Emmons,  1855 :  American  Geology,  vol.  1,  pt.  2,  p.  218,  fig.  74  f 

ICytkerinal  apinoaa  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  317,  pi.  67,  figs.  17-2( 

(See  JBchmina  apinoaa.)  Niagan 

atriatO'tnarginatus  Miller,  1874;  Cincinnati  Qnart.  Jonr.  Sci.,  vol.  1,  p.  233,  fi^ 

26. 

This  species  is  referred  to  a  new  genus.    (See  Euryohilinda  atriatomai 
ginatus.)  Hudsoc 

symmetrica  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  317,  pi.  67,  fig.  16.    (See  Bolll 

Bymmetiica. )  Niagart 

trlBulcata  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  381,  pi.  79,  figs.  5  a,b. 

Lower  Helderberg 

trisulcata  Jones,  1890;  Quart.  Jonr.  (Jeol.  Soc,  vol.  46,  p.  14,  pi.  1,  fig.  2. 

tumifrona  Hall,  1871 ;  Des.  New  Species  Foss*  Hudson  River  Group,  p.  7. 

Hndsoi 

tumifrona  Hall,  1872 ;  24th  Rept.  New  York  State  Mus.  Nat.  Hwt.^  p.  231,  pi.  i 

fig.  11. 

tumifrona  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  102,  pi.  4,  fig.  8. 

tumifrona  Miller,  1874;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  119. 

This  species  is  classed  by  Jones  1890,  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  U 
B8  aynonymous  to  Beyriohia  oiliata  Emmons. 
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^^yrlchia  ▼•nQSta  Billings,  1866;  Catalogae  Silurian  Fossils  Anticosti,  p.  68. 
^Ollia  Jones  and  Holl,  1886;  Annals  Mag.  Nat.  Hist.,  5th  series,  London,  vol.  17,  p. 
360. 

lAgnoatus'}  latOB  Vannxem,  1842;  Geol.  New  Tork,3d  Qeol.  Di8t.,p.  80. 

Clinton. 

[Beyriehia^  lata  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  301,  pL  A  66,  figs.  10  a-c. 

- —  [Beyriohid]  lata  Jones,  1858;  Notes  on  Palssozic  Entomostraca,  No.  2,  p.  168,  pi. 
6,  fig.  13. 

lata  Jones,  18U0;  Quart.  Jonr.  Geol.  Soc,  vol.  46,  p.  12,  pi.  3,  figs.  1-3. 

lBe!friehia]  symmetrioa  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  317,  pi.  67,  fig.  16. 

Niagara. 

■ymmetiioa  Jones,  1890 ;  Quart.  Jonr.  Geol.  8oc.,  vol.  46,  p.  12. 

This  species  is  closely  allied  to  Bollia  lata. 

vngnla  (Claypole  MS.)  Jones,  1889;  American  Geologist,  vol.  4,  p.  338,  pi. 

fig.  10-13.  Marcellus. 

Bytfaocypris  Brady,  1880 ;  Challenger  Exped.,  Rep.  Ostracoda,  p.  45. 

cylindrica  (Hall)  Ulrich,  1889;  Contributions  Micro-PalsBont.,  pt.  2,  p.  48,  pi. 

9,  fig.  6.  Trenton  and  Hndsoki. 

For  other  references,  see  Leperditia  llaoehilina'^  cylindrica  Hall. 

favolosa  Jones,  1689 ;  American  Geologist,  vol.  4,  p.  338,  pi.  figs.  2  »-c. 

Marcellus. 

otdibmils  Jones,  1889 ;  American  Geologist,  vol.  4,  p.  340,  pi.  figs.  3  a-c. 

Lower  Helderberg. 
CarbODia  Jones  and  Kirkby,  1879;  Annals  Mag.  Nat.  Hist.,  London,  5th  series, 
vol.  4,  p.  28. 

?  bairdioidea  (?)  Jones  and  Kirkby,  1884 ;  Geol.  Mag.,  5th  series,  vol.  1,  p.  358, 

pi.  12,  figs.  8  a-d.  Carboniferous. 

Syn.,  Bairdia  sp.  f  Dawson,  1868 ;  Acadian  Geology,  p.  206,  figs.  48  a  (f). 

iCyiheref  {Carbonia)']  balrdiodea  Jones  and  Kirby,  1879 ;  Annals  Mag.  Nat.  Hist., 

London,  5th  series,  vol.  4,  p.  38,  pi.  3,  figs.  24,  25. 

?  bairdioidea?  Jones  and  Kirkby,  1884;  Geol.  Mag.,  decade  3,  p.  358,  pi.  12, 

figs.  8  a-d. 

?  elongata  Jones  and  Kirkby,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  6th  series, 

vol.  1,  p.  361,  pi.  12,  fig.  10.  Carboniferous. 

?  elongata  Jones  and  Kirkby,  1884;  Ge«)l.  Mag.,  decade  3,  p.  361,  pi.  12,  fig.  10. 

fabulina  Jones  and  Kirkby,  1879 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series, 

vol.  4,  p.  31,  pi.  2,  figs.  f-9. 

fobuUna  var.  humilis  Jones  and  Kirkby,  1879 ;  Annals  Mag.  Nat.  Hist.,  London, 

5th  series,  vol.  4,  p.  31,  pi.  2,  figs.  11-14. 

fobulina  Jones,  1889 ;  Geol.  Mag.,  decade  3,  vol.  6,  p.  270,  figs.  1-4. 

ICytherilla']  inflata  Dawson,  1868;  Acadian  Geology,  p.  206,  fig.  48  b. 

fiibulina  Jones  and  Kirkby,  1884 ;  Geol.  Mag.,  decade  3,  vol.  1,  p.  358,  pi.  12,  figs. 

•f  a~^. 
Ceratiocaris  McCoy,  1849;  Annals  Mag.  Nat.  Hist.,  London,  vol.  4,  p.  412. 

aouleatus  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  422",  pi.  80  a,  fig.  10.    Waterlime. 

, acmninatuB  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  422»,  pi.  84,  fig.  6.    Waterlime. 

• aotiminatua  Pohlman,  1886 ;  Bull.  Buffalo  Soc.  Nat.  Sci.,  vol.  5,  p.  28,  pi.  3,  fig.  2. 

armatm  Hall.    (See  Ecfainocaria  punctata.) 

beecheri  Clarke,  1881 ;  Ball.  U.  S.  Geol.  Survey,  No.  16,  p.  44,  pi.  2,  fig.  1. 

Devonian. 

beecheri  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  104,  pi.  31,  fig.  3. 

• IColpocarU]  bradleyi  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  23,  p.  332. 

Lower  Carboniferous. 

. [Onchus^  deweyi  Hall,  1852;  Pal.  New  York,  voL2,  p.  320,  pi.  71,  figs.  1  a-d. 

Niagara, 
PuU.63 U 


^ 
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CeratiooarU[Co2po<»rt«]  et3rtroide«  Meek,  1871;  Proc.  Acad.  Nat.  Soi.  Phila.,  toL 
23,  p.  334.  Lower  Carbonifeioiu. 

grandia  Pohlman,  1881 ;  Ball.  BafFalo  Soo.  Nat.  S<9i.,  yol.  4,  p.  19,  fig.  5. 

Waterlime. 

longioaadaa  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  HUt.,  p.  70,  pi.  1, 

fig.  7  (not  figs.  4,  5,  6).  Hamilton. 

longioaadua  Packard,  1883 ;  I2th  Annual  Rept.  U.  S.  Geol.  Snryey  Territoriee, 

p.  450. 

longioaadua  Jones  and  Woodward,  1884 ;  Qeol.  Mag.,  decade  3,  yol.  1,  p.  I. 

«—  longicaadaa  Etheridge,  Woodward,  and  Jones ;  3d  Rept.  Comui.  Foss.  Phyllo- 
poda,  p.  35. 

longioaudua  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  163,  pi.  31,  fig.  1. 

Not  C.  hngicaudusClATke,  1885;  Bnll.  U.  S.  Geol.  Survey,  No.  16,  p.  20. 

maoooyana  Hall,  1659;  Pal.  New  York,  vol.  3,  p.  421,  pi.  84,  figs.  1*5. 

WaterHme. 

fpufictatud  Hall.    (See  Bohinooaris  pnnotata.) 

aimplez  Clarke,  1885 ;  Bull.  U.  S.  Geol.  Survey,  No.  16,  p.  43,  pi.  2,  &g,  2. 

Deyonian. 
?  aimplex  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  165,  pi.  31,  fig.  2. 

—  ?  ainuata  Meek  and  Worthen,  1868 ;  Am.  Jour.  Sci.,  2d  series,  vol.  46,  p.  22. 

Coal  Measures, 

?  ainuata  Meek  and  Worthen,  1868 ;  Geol.  Survey  Illinois,  yol.  3,  p.  540,  fig.  a. 

ISolmocarW]  atrigata,  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phila.,yol.  23,  p.  335. 

Lower  Carboniferous. 

ISolenoearis']  atrigata  Meek,  1875 ;  Pal.  Ohio,  vol.  2,  p.  321,  pi.  18,  figs.  4  a^-c. 

The  generic  name  of  SoUnocaris  was  used  by  Mr.  J.  Young  for  a  genus  of 
the  Paleozoic  Crustacea  in  1866.    See  Strigooazla. 
Ciangopaia  Salter,  1863 ;  Name  changed  from  Palwooran^on. 
Cryptosoe  Packard,  1886;  Proc.  Am.  Philos.  Soc,  vol.  23,  p.  381. 

—  problematicua  Packard,  1886 ;  Proc.  Am.  Philos.  Soc.,  voL  23, p.  382,  fig.  3,  plate. 

Carboniferous, 
Cyolua  De  Koniuck,  1841 ;  M^m.  Acad.  Sci.  Bruxelles,  vol.  14,  p.  18. 

americana  Packard,  1885 ;  American  Naturalist,  vol.  19,  p.  293.      Coal  Meaanres. 

americana  Packard,  1886;  Mem.  Nat.  Acad.  Sci.,  vol.  3, p.  143,  pi.  5,  figs.  1.  1  a; 

pi.  6,  figs.  4,  4  a. 
Cythere  Mflller,  1785;  Entomostraca,  p.  64. 

IBeyrichia']  amerioana  Shnraard,  1858;  Trans.  Acad.  Sci.  St.  Louis,  yol.  1,  p.  227« 

Upper  tloal  Meaaurea. 

oarbiniaria  Hall.    (See  Leperditia  oarbonazla. ) 

- — dndnnatienHi  Meek,    (See  Entomla  oincinnatienaia. ) 

oraaaimarginata  Winchell,  1862 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  429.      Marahall. 

iiregulaxia  Miller,  1878 ;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  yol.  1,  p.  106,  pi.  3, 

figs.  7,  7  a.  Hndaon. 

nebraaoenaia  Gtoinitz,  1866 ;  Carb.  und  Dyas  in  Nebraska,  p.  2,  pi.  1,  fig.  2, 

Coal  Measures. 
nebraaoenaia  Meek,  1872 ;  Rept.  U.  S.  Geol.  Survey  Territories,  Final  Report 

Nebraska,  p.  237,  pi.  11,  figs.  1,2,3  a,  b  (f). 

—  nebraaoenaia  Keyes,  1888 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  222. 

ohionea  Herrick,  1889 ;  Bnll.  Den.  Univ.,  vol.  4,  p.  60,  pi.  8,  fig.  8;  yol.  3,  pi.  3, 

fig.  19.  *  Kinderhook. 

ohionea  Herrick,  1890 ;  American  Geologist,  yol.  4,  p.  254. 

okenL    (See  Leperditia  okeni.) 

aimplez  White  and  St.  John,  1867 ;  Prelim.  Notice  New  Species  Fosa.,  p.  3. 

St.  Louis. 
rrr—  aisiplex  Whit9  and  St.  John,  1868;  Trans.  Chicago  Acad.  Sci.,  vol.  1,  p.  127, 
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Cythere  sp.  T  Dawson,  1868 ;  Acadian  Geology,  p.  256,  fig.  78  a.  GarboDiferons. 

aubUmis,    (See  Leperditia  aublsevia.) 

iukrecta.    (See  Leperditia  anbrecta.) 

Cythexina  Lamarck,  1818 ;  Animanx  Bans  Vert.,  yoL  5,  p.  125. 

alta,    (See  Leperditia  alta.) 

crenulata  Emmons,  1855 ;  Am.  G^logy,  voL  1,  p.  221,  figs.  75  a-d.  Trenton. 

cifUndrica,    (See  laochilina  oylindxloa.) 

emmonai  Vogdes,  1889 ;  Annals  N.  Y.  Acad.  Set.,  yol.  5,  p.  13,  to  replace  C,  9uh' 

oylindrica, 

spinoea.    (See  Beyrichla  apinoaa.) 

gubcylindrica  Emmons,  1855;  Am.  Geology,  vol.  1,  p.  220,  fig.  75  b.  Trenton. 

This  name  was  nsed  by  MUnster  for  a  species  of  this  genus.    Change  to  C. 

emmotm, 

aubelliptica  Emmons,  1855;   Am.   Geology,  vol.  1,  p.  220,  figs.  75  a. 

Trenton. 
Cytherellina  Jones  and  Holl,  1869 ;  Annals  Mag.  Nat.  Hist.,  London,  4tb  series,  vol. 

3,  p.  215. 
grandella  Whitfield,  1882 ;  Bull.  Am.  Mas.  Nat.  Hist.  New  Tork,  vol.  1,  p.  94, 

pi.  9.  figs.  28, 29.  Warsaw. 

Cytheropsis  McCoy,  1855 ;  Synopsis  Classifioatipn  Brit.  Pal.  Bocks,  pi.  1  L.,  fig.  2. 
No  definite  deseriptign  of  the  genus  given. 

oaneinna  Jones.    (See  Prlmitia  concinna.) 

rugosa  Jones.    (See  Prlmitia  mgoaa.) 

ailique  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  3d  series,  London,  voL  1,  p.  249, 

pi.  10,  fig.  6.  Trenton. 

ailique  Jones,  1858 ;  Geol.  Survey  Canada,  decade  3,  p.  99. 

ailique  Jones,  1869 ;  Annals  Mag.  Nat.  Hist.,  London,  4th  series,  voL  3,  p.  216, 

pi.  14,  figs.  1-6. 

Dipeltia  Packard,  1885;  Am.  Naturalist,  voL  19,  p.  293. 

diplodiacua  Packard,  1885 ;  Am.  Naturalist,  vol.  19,  p.  293.         Carboniferous* 

— -  diplodiacua  Packard,  18b6;  Mem.  Nat.  Acad.  Soi.,  vol.  3,  p.  145,  pi.  5,  figs.  2, 2  a. 

Dlploatylua  Salter,  1863 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  19,  p.  76. 

dawaoni  Salter,  1863 ;  Quart.  Jour.  Greol.  Soc.  London,  vol.  19,  p.  77,  fig.  6. 

Coal  Measures. 
Dipterocaria  Clarke,  1883 ;  Am.  Jour.  Sci.,  3d  series,  vol.  25,  p.  121. 

pennas-dasdali  Clarke,  1883 ;  Am.  Jour.  Sci.,  3d  series,  vol.  25,  p.  122,  fig.  1. 

Chemung. 

pennae-dasdali  Jones  and  Woodward,  1884 ;  GeoL  Bfag.,  decade  3,  vol.  1,  p.  349. 

pennas-dasdall  Etheridge,  Woodward,  and  Jones,  1884 ;  2d  Bept.  Comm.  Foes. 

Phyllopoda  Pal.  Rocks,  p.  11. 

pennse-dsedall  EthoridKe,  Woodward,  and  Jones,  1885 ;  3d  Bept  Comm.  Foss. 

Phyllopoda  Pal.  Rocks,  p.  3. 

pennas-dsedaU  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  200,  pi.  35,  fig.  24. 

pennae-dsedali  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Bept.  Comm.  Fobs. 

Pbyllopoda  Pal.  Rooks,  p.  9. 

percervas  Clarke,  1883 ;  Am.  Jour.  Sci.,  3d  series,  vol.  25,  p.  123,  figs.  4,5. 

Chemung. 

percervse  Jones  and  Woodward,  1884 ;  (3eol.  Mag.,  decade  3,  vol.  1,  p.  349. 

percervse  Etheridge,  Woodward,  and  Jones,  1884 ;  2d  Bept^Comm.  Foss.  Phyllo- 

lopoda  Pal.  RocHS)  p.  11. 

percervas  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Bept.  Comm.  Foss.  Phyllo- 
poda Pal.  Books,  p.  3. 

percervas  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  202,  pi.  35,  figs.  20, 21. 

percervas  Etheridge,  Woodward,  and  Jones,  1888;  6th  Bept.  Comm,  Foss,  Phyllo- 
poda Pal.  Bocks,  p.  9, 
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MpterooarUi  prcBno  Clarke,  1883 ;  Am.  Jour.  Soi.^  3d  series,  vol.  25,  p.  12^  figs.  2, 3. 

Chemnng. 

prcBae  Jones  and  Woodward,  1884 ;  Geol.  Mag.,  decade  3,  vol.  1,  p.  349. 

prcene  Etheridge,  Woodward,  and  Jones,  1884 ;  2d  Bept.  Comm.  Foes.  Phyllo- 

poda  Pal.  Bocks,  p.  11. 
'  prcMio  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Rept.  Comm.  Foes.  Phyllo- 

poda  Pal.  Rocks,  p.  3. 
— *  pr«»iie  Hall,  1888;  Pal.  New  York,  to].  7,  p.  201,  pi.  35,  figs.  25-27. 
-^-  prcsne  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foes.  Phyllo- 

poda  Pal.  Rocks,  p.  9. 
Ditbyrocaris  (Soonler,  1843,  MS.)  Portlock,  1843;  Rept.  Geol.  Londonderry,  etc,  p. 

313. 

belli  Woodward,  1870;  Gdol.  Mag.,  decade  2,  toI.  8,  p.  106,  pi.  3,  fignres. 

Devonian. 
belli  Etheridge,  Woodward,  and  Jones,  1887 ;  5th  Rept.  Comm.  Foes.  Phyllo- 

poda  Pal.  Rooks,  p.  6. 

belU  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  194. 

oarbonaria  Meek  and  Worthen,  1870 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  22,  p.  55. 

Coal  Measores. 
oarbonazla  Meek  and  Worthen,  1873 ;  Geol.  Survey  Illinois,  voL  5,  p.  6t8;  pi. 

32,  fig.  1. 
oarbonaria  White,  1884 ;  13th  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  178,  pi. 

39,  fig.  2. 

•*—  ueptuni  Hall.    (See  Meaothyra  neptanL) 

IhMiocephala  Claypole,  1883 ;  Proc.  Am.  Philoe.  Soc,  vol.  21,  p.  236. 

loooana  idem;  p.  236, plate.    (See  Stylonorua  ezoelaior.) 

DoUohopterua  (suhgenns  Borypterua)  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  414.* 

maorooheoua  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  414,*  pi.  83,  fig.  1 ;  pi.  83  a,  fig.  1. 

Wateriime. 
Bohinooaila  Whitfield,  1880 ;  Am.  Jour.  Sci.,  3d  series,  vol.  19,  p.  34. 

oondylepaia  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  173,  pi.  19,  figs.  14-17. 

Chemung. 

mnltinodoBa  Whitfield,  1880;  Am.  Jour.  Sci.,  3d  series,  vol.  19,  p.  38,  fig.  8.   (Plates 

with  author's  special  edition  only. )  Erie  Shales. 

mnltinodoaa  Packard,  1882 ;  Am.  Naturalist,  vol.  16,  p.  952,  fig.  10.    ^ 

mnltinodoaa  Packard,  1883 ;  12th  Rept.  U.  S.  Geol.  Survey  Territories,  p.  451, 

fig.  71  a. 

mnltinodoaa  Beecher,  1884 ;  2d  Gtool.  Survey  Penn.,  vol.  PPP,  p.  5. 

mnltinodoaa  Etheridge,  Woodward,  and  Jones,  1885;   3d  Rept.  Comm.  Foss. 

Phyllopoda  Pal.  Rocks,  p.  35. 

mnltinodoaa  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  180,  pi.  29,  figs.  18-19. 

mnltinodoaa  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.   Foss. 

Phyllopoda  Pal.  Rocks,  p.  8. 
lCeraHooar%§'i  punotatna  HaU,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist 

p.  74,  pi.  1,  fig.  8.  Hamilton. 

pnnotatna  Whitfield,  1880 ;  Am.  Jour.  Sci.,  3d  series,  vol.  19,  p.  39. 

Syn.,  Ceratioearis  armatus  Hall,  1863 ;   16th  Rept.  New  York  State  Cab.   Nat 
Hist.,  p.  72,  pi.  1,  figs.  1-3. 
Ceratioearis  armatus  Hall,  1876 ;  Illus.  Devonian  Foss.,  pi.  23,  figa.  4, 5^ 
ICeratiooaris  (Aristozoe)"]  punctatua  HaU,  1876 ;  lU^s.  Devonian  Foss.,  Expl. 

pi.  23,  fig.  7. 

pnnctatna  Packard,  1882 ;  Am.  Naturalist,  vol.  16,  p.  952,  fig.  12. 

*—  punotatna  Packard,  1883 ;  12th  Rept.  U.  S.  Geol.  Survey  Territories,  p.  450, 

fig.  70. 
Syn.,  armatus  Packard,  1883 ;  12th  Rept,  U.  3i  Geol.  Survey  Territories,  p.  451. 
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BchinocaiiB  punotatuB  Beecher,  1884 ;  2d  G«ol.  Sarvey  Peiin..yol.  PPP,p.  6,pl.  1, 
figH.  13-16 ;  also  fig.  I  in  text,  page  4. 
Syu.,  armaius  Jones  and  Woodward,  1884;  G«ol.  Mag.,  decade  3,  vol.  l,p.  %  pi. 
13,  fig.  2. 
armatus  Etheridge,  Woodwaid,  and  Jones,  1885;   3d  Rept.  Comin.  Fobs. 
Pbyllopoda  Pal!  Rooks,  p.  35. 

punotatUB  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  166,  pi.  27,  fig.  10 ;  pi.  28,  fig.  1-7; 

pi.  29,  fig.  1-8. 

punctatoa  Etheridge,  Woodward,  and  Jones,  1888;    6th  Rept.  Comm.  Foss. 

Phyllopoda  Pal.  Rooks,  p.  8. 
puatulosa  Whitfield,  1880 ;  Am.  Jour.  Sci.,  3d  series,  vol.  19,  p.  38,  pi.  fig.  7 

(plate  with  author's  special  edition  only).  Erie  Shales. 

pnstiilosa  Packard,  1883 ;  12th  Rept.  U.  S.  Geol.  Survey  Territories,  p.  451. 

pastuloaa  Beecher,  1884 ;  2d  Geol.  Survey  Penn.,  vol.  PPP.,  p.  5. 

pustnloaa  Jones  and  Woodward,  1884 ;  Geol.  Mag.,  decade  3,  vol.  1,  p.  2,  pi.  13| 

fig.  6. 

puatulosa  Etheridge,  Woodward,  and  Jones,  1885;    3d  Rept.  Comm.    Fosa- 

Phyllopoda  Pal.  Rocks,  p.  35. 
puatuloaa  Hall,  1888 ;  Pal.  New  Tork,  vol.  7,  p.  178,  pi.  29,  figs.  9, 10. 

—  puatnloaa  Etheridge,  Woodward,  and  Jones,  1888;   6th  Rept.  Comm.  Fobs. 

Pbyllopoda  Pal.  Rocks,  p.  8. 

—  ftooialia  Beecher,  1884 ;  2d  Geol.  Sarvey  Penn.,  vol.  PPP,  p.  10,  pi.  1,  figs.  1- 

le.  Chemung. 

—  noclaHa  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Rept.  Comm.  Foss,  PhyUo. 

poda  Pal.  Rocks,  p.  35.  , 

- —  sooiaUa  Hall,  1888 ;  Pal.  New  York,  voL  7,  p.  174,  pi.  30,  figs.  1-12. 

' —  socialia  Etheridge,  Woodward,  and  Jones,  1888;  6th  Rept.  Comm.  Foss.  Phyllo- 
poda Pal.  Rocks,  p.  8. 

aublevia  Whitfield,  1880;  Am.  Jour.  Sci.,  3d  series,  vol.  19,  p.  36,  pi.  figs.  AS 

(plate  with  the  author's  special  edition  only).  Erie  Shales. 

' —  sublevifl  Packard,  XiiS2]  Am.  Naturalist,  vol.  16,  p.  952,  fig.  11. 

—  sublssvifl  Packard,  1883;  12th  Rept.  U.  S.  Qeol.  Sarvey  Territories,  p.  450,  fig. 

71b. 
"^  «ublevi8  Beecher,  1884 ;  2d  Geol.  Sarvey  Penn.,  vol.  PPP,  p.  5. 

—  ttublsBvia  Jones  and  Woodward,  1884 ;  G^l.  Mag.,decade3,  vol.  1.  p.  2,  pi.  13^  figs. 

3,  4,  5. 
ttublasvifl  Etheridge,  Woodward,  and  Jones,  1885;  3d  Rept.  Comm.  Foes.  Phyllo- 
poda Pal.  Rocks,  p.  35. 

—  ttublsBvla  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  176,  pi.  29,  figs.  11-13. 

—  vnbJtaBvia  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss.  Phyl- 

lopoda Pal.  Rocks,  p.  8. 

—  ^^hitfieldl  Clarke,  1885 ;  Bull.  U.  S.  Geol.  Survey,  No.  16,  p.  45,  pi.  2,  figs.  3,  4. 

Portage. 

-^hitfieldi  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  172,  pi.  29,  figs.  20,  21. 

'Whitfieldi  Etheridge,  Woodward,  and  Jones,  1888;  6th  Rept.  Comm.  Fobb.  Phyl- 
lopoda Pal.  Rocks,  p.  8. 
BctUnognathuB  Walcott,  1882;  Am.  Jour.  Sci.,  3d  series,  vol,  23,  p.  213. 

Qlevelandi  Walcott,  1882 ;  Am.  Joor.  Sci.,  3d  series,  vol.  23,  p.  213,  figs.  1,  2. 

Utioa. 
-— ^  {Eurypterm  f  ]  olevelandi  Walcott,  1882;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  161. 
Bl^mooariB  Beecher,  1884 ;  2d  (Jeol.  Sarvey  Penn.,  vol.  PPP,  p.  13. 

■ sUiqua  Beecher,  1884 ;  2d  Gteol.  Survey  Penn.,  vol.  PPP,  p.  13,  pi.  2,  figs.  1,  2. 

Chemong. 
- —  lUiqiia  Etheridge,  Woodwaid,  and  Jones,  1885 ;  3d  Reptw  Comm.  Foss.  Phyllo- 
poda PaL  Rocks,  p.  35. 
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Xaymooaxia  ailiqua  Hall,  1888;  PaL  New  York,  vol.  7,  p.  182,  pi.  31,  figs.  5, 6. 
ailiqua  Etheridge,  Woodward,  and  Jones,  1888;  6th  Rept.  Comm.  Foas.  Phyl 

poda  Pal.  Rocks,  p.  8. 
Bntomia  Jones,  1861;  Mem.  Qeol.  Sorvey  Scotland,  Expl.  Map  32,  p.  137;  also,  I 

nals  Mag.  Nat.  Hist.,  Lox^don,  4th  series,  vol.  11,  p.  413. 

[Qy<^e]oinolniiatieiifli«  Meek,  1871 ;  Proc.  Acad.  Nai.  Sci.  Phila.,  vol.  23,  p.  3 

Had» 
ICyikere'i  dnoinnatienaiB  Meek,  1873;  Pal.  Ohio,  vol.  1,  p.  158,  pi.  14,  figs.  1 

Id. 
ICythere"]  oincinnatienaia  Miller,  1874;  Cincinnati  Quart.  Joor.  Sci.,  toI.  1, 

120. 

—  olncinnatienBis  Jones,  1884 ;  Annals.  Mag.  Nat.  Hist.,  London,  5th  series,  v 

14,  note  p.  395. 

rhomboldea  Jones,  1890 ;  Qnart.  Joor.  Oeol.  Soc.,  vol.  46,  p.  10,  pL  2,  figs.  9. 10  a 

Hamilt 

SguiieHdes  wrighiiana.  This  species  is  referred  by  Woodward  and  Jones  (3d  Rep 
Comm.  Foas.  Phyllopoda  Brit.  Assoc,  1885,  p.  360)  to  Echinooafis.  Prof.  Jai 
Hall  places  it  provisionally  with  SiyUmurtktf  which  see. 

Bstherla  Rnffell,  1857;  Mns.  Senckenberg,  voL  2,  p.  119. 

da^raoni  Jones,  1870;  Geol.  Mag.,  vol.  7,  p.  220,  pi.  9,  fig.  15.       Carboiiifero 

da^7Boni  Jones,  1878 ;  Oeol.  Mag.,  decade  2,  vol.  2,  p.  101,  pi.  3,  fig.  2. 

sp.  t  Dawson,  1868 ;  Acadian  Geology,  p.  256,  fig.  78  d. 

dawaoni  Jones  and  Kirkby,  1884 ;  Oeol.  Mag.,  decade.  3,  vol.  1,  p.  361,  pL  12,  fig. 

pulez  Clarke,  1882;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  476,  pL,  hg.  4. 

Hamilt 

pnlez  Packard,  1883;  12th  Rept.  U.  S.  Geol.  Survey  Territories,  p.  355. 

—  pnlez  Etheridge,  Woodward,  and  Jones,  1885 ;  5th  Rept.  Comm.  Foes.  Phyl 

poda  Pal.  Rocks,  p.  10. 

pulex  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  206,  pi.  35,  figs.  10, 11. 

pulex  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss.  Phy! 

poda  Pal.  Rocks,  p.  9. 
Euproaps  Meek,  1867 ;  Am.  Joor.  Sci.,  2d  series,  vol.  34,  p.  394.    (See  Bellinuma  i 

Preatwlchia.) 
Euryoliillnda  Ulrich,  1889;  Contributions  Micro-Palceont.,  pt.  2,  p.  52. 
mantlobenaiB  Ulrich,  1889 ;  Contributions  Micro-Palasont.,  pt.  2,  p.  53,  pi 

figs.  10,  10  a.  Huds 
rettoulata  Ulrich,  1889;  Contributions  Micro-Pala^ont.,  pt.  2,  p.  52,  pL  9,  fl 

9,  9  a.  Trent 
atriato-marginata  (Miller)  Ulrich,  1889;  Contributions  Micro-Paleont.,  pt 

p.  52. 
Fur  other  references,  see  Beyrichia  atriato-marglnata. 
Buryptenia  De  Kay,  1825;  Annals  Lyceum  Nat.  Hist.  N.  Y.,  vol.  1,  pt.  2,  p.  375. 

beecherl  Hall,  1884 ;  2d  Geol.  Survey  Pennsylvania,  vol.  PPP,  p.  30,  pi.  3,  Hg 

Chemn 

teecheri  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  156.  pi.  27.  fig.  5. 

beeoherl  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Fossil  Phyl 

poda  Pal.  Rocks,  p.  9. 

boylel  Whiteaves,  1884 ;  Pal.  Fossils,  vol.  3,  pt.  1,  p.  42,  pi.  7,  fig.  3.  Guel 

dekayi  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  411*,  pi.  82,  fig.  1.  Waterlii 

erienaia  Whitfield,  1881 ;  Annals  New  York  Acad.  Sci.,  vol.  2,  p.  196. 

Lower  Helderbc 

giganteua  Pohlman,  1882;  Bull.  Buffalo  Soc.  Nat.  Sci.,  vol.  4,  p.  4i,opl.2,  fig 

WaterUj 

lacustrlB  Harlan,  1831 ;  Trans.  Geol.  Soo.  Pennsylvania,  vol.  1,  p.  98,  pi.  5,  fi^ 

Waterlii 
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Enrypterua  laoastrlB  Harlan,  1835 ;  Med.  Phys.  Researches,  p.  297,  plate,  fig.  2. 
lacostria  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  407»,  pi.  81,  figs.  1-11 ;  pL81  a, 

fig.  1 ;  pi.  81  b,  figs.  1-5 ;  pi.  83  b,  fig.  3 ;  also  fig.  5  in  text  p.  400*. 

lacnatria  var.  robuatua  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  410*,  pi.  81  c,  fig.  2. 

IDoliohopierus']  manafieldi  Hall,  C.  E.,  1877;  Proc.  Am.  Philos.  Soc.,  vol.  16, 

p.  621.  Carbon!  feicoB. 
manafieldi  Hall,  1884 ;  2d  Geol.  Survey  Pennsylvania,  vol.  PPP,  p.  32,  pL  4, 

figs.  1-8;  pi.  5,  figs.  1-11 ;  pi.  6,  fig.  1 ;  pi.  7,  fig.  1 ;  pi.  8,  figs.  1-3. 
JiAnihraconecie9'\  masonenaia  Meek  and  Wonhen,  18$;  Am.  Jonr.  Sol.,  2d 

series,  vol.  46,  p.  21.  Coal  Measures. 
lAntkraooneote9'\  mazonenais  Meek  and  Worthen,  1868 ;  Geol.  Survey  Illinois, 

vol.  3,  p.  544,  figures. 
{^Antkraconecies'i  mazonenaia  HaU,  1884 ;  2d  Qeol.  Survey  Pennsylvania,  yoL 

PPP,  p.  25,  fig.  2 ;  p.  27,  fig.  3. 
lAnikraoanectes'l  mazonenaia  White,  1884 ;  13th  Ann«  Bept  Dept.  GeoL  Nat. 

Hist.  Indiana,  p.  168,  pi.  37,  figs.  1,  2,  3. 

miorophthalmna  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  407*,  pL  80  a,  fig.  7. 

Lower  Helderberg. 

paohycheima  HaU,  1859 ;  Pal.  New  York,  voL  3,  p.  412*,  pi.  8,  figs.  1-3. 

Waterlime. 

pennaylvanicua  Hall,  C.  E.,  1877;  Trans.  Am.  Philos.  Soo.  Phila.,  vol.  7,  p.  621. 

Carboniferous. 
pennaylvanicua  Hall,  1884 ;  2d  Qeol,  Survey  Pennsylvania,  vol.  PPP,  p.  31, 

pi.  5,  fig.  18. 
pohlmani  Vo^des,  1889 ;  to  take  the  place  of  the  preooonpied  name  of  E.  foor- 

pioni8  Grote  and  Pitt.    Ann.  N.  Y.  Acad.  Sci.,  vol.  5,  No.  1. 
potena  Hall,  1884 ;  2d  Geol.  Survey  Pennsylvania,  vol.  PPP,  pi.  4,  figs.  9, 10. 

Carboniferous. 

prominena  Hall,  1884 ;  Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  33,  p.  420.         Clinton. 

prominena  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  157,  pi.  27,  figs.  3,  4. 

pulicaria  Salter,  1863;  Quart.  Jour.  Qeol,  Soo.  London,  vol.  19,  p.  78,  figs.  9, 10. 

Coal  Measures. 
pulicaria  Dawson,  1868;  Acadian  Geology,  p.  523,  figs.  179  a,  b. 

puatuloana  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  413*,  pi.  83  b,  fig.  1. 

Waterlime. 

remipea  De  Kay.  Waterlime. 

Syn.,  Fo89il  FUh  Mitchell,  1818;  Am.  Monthly  Mag.,  vol.  3,  p.  291. 

remipea  De  Kay,  1825;  Annals  Lyceum  Nat.  Hist.,  vol.  1,  p.  375,  pL  29. 

remipea  Harlan,  1834 ;  Trans.  Geol.  Soc.  Peon.,  vol.  1,  p.  96,  pi.  5. 

remipea  Harlan,  1835;  Medical  Phys.  Researches,  p.  297,  pi.,  fig.  1. 

—^remipea  Milne-Edwards,  1840;  Hist.  Nat.  Crust.,  vol.  3,  p.  422. 

remipea  Barmeister,  1843 ;  Org.  Trllobiten,  p.  62  (Ray  Soc.  ed.,  p.  54). 

remipea  Bronn,  1837 ;  Lethea  Geognostica.  vol.  1,  p.  666,  pi.  9*,  fig.  1 ;  pi,  9,  fig.  1. 

— —  remipea  Salter,  1859 ;  Qaart.  Jour.  Geol.  Soc.  London,  vol.  15,  p.  255^ 

remipea  Nieszkowski,  1858;  Der  Euryptenu  remipes^  etc.,  pis.  1,  2,  3. 

remipea  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  404,  pi.  80,  figs.  1-12 ;  pi.  80  a, 

figs.  1-6;  pi.  83  b,  fig.  2,  also  p.  403*,  figs.  6,  7. 

remipea  (nnmerous  authors). 

lEwarcue^  grandia  Grote  and  Pitt,  1875 ;  Bull.  Buffalo  Soc.  Nat.  Sci.,  vol.  3,  p.  17. 

Waterlime. 

Referred  by  J.  Pohlman  (Bull.  Bnffalo  Soc.  Nat.  Sci.,  vol.  5,  p.  31)  to 

Eurypteru9  scorpionis.    An  alinoMt  similar  terra,  E,  8eorpioide$  was  used  for  a 

species  of  this  genus  by  H.  Woodward  in  1868 ;  I  suggest  that  of  E,  pohlmani 

for  this  species. 

lEusarous'i  acorpionU  Grote  and  Pitt,  1875;  Bnll.  Buffalo  Soc,  Nat.  Sci.,  vol.  3, 

pp.  1, 17,  photographic  plate.  Wftterlime. 
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BarypteruB  [Euaarcutt']  scorpipnia  (Qrote  and  Pitt)  Poblman,  1886;  Ball.  Baffalo 

Soc.  Nat.  Sci.,  vol.  5,  p.  30,  pi.  2,  fig.  3. 
— —  lEuaarous'i  grandia  (Grote  and  Pitt)  Pohlman,  1886;  BulL  Baffalo  Soc.  Nat.  Sci., 

voL  6,  p.  31. 
Referred  to  Eurypterua pohlmani  Yogdes,  1889 ;  Annals  N.  Y.  Acad.  Sci.,  vol.  5, 

p.  22. 
HymenocariB  Salter,  1853 ;  22dRept.  Brit.  Assoc.  Adv.  Sci.,  Trans,  of  sec.,  p.  56. 
IsochlUna  Jones,  1857 ;  Mem.  Geol.  Survey  Canada,  decade  3,  p.  97. 
[L^erditia  {laoohilina)}  annata  Walcott,  1883;  Des.  New  8p.  Foss.  Trenton 

Group,  p.  7. 
ILeperditia  {laoehUina)']  annata  Walcott,  1884 ;  35th  Rept.  N.  Y.  State  Mns.  Nat. 

Hist.,  p.  213.  * 
criatata  (Y^itfield)  Jones,  1890;  Quart.  Jour.  GeoL  Soc,  vol.  46,  p.  23,  pL  1, 

fig.  8.  Caloiferous. 

For  other  references,  see  Prlmltia  criatata. 

ICyiherina^  cylindrioa  Hall,  1852 ;  Pal.  New  York,  voL  2,  p.  14,  pi.  4,  figs.  8  a,  b. 

Medina. 
Prof.  T.  Rupert  Jones  (Quart.  Jour.  GreoL  Soc,  vol.  46, 1890,  p.  8)  refers  this 

species  to  Leperditia  cylindrica, 
ILeperditia  {Iaochilina)'\  cylindrioa  Jones,  1858;  Annaht  Mag.  Nat.  Hist.,  3d 

series,  vol.  1,  p.  2.53 ;  also,  Geol.  Survey  Canada,  decade  3,  p.  101. 
— —  ILeperditia  {laochilina)']  cylindrica  Hall,  1871 ;  Description  n.  sp.  Fossils  Hud- 
son River  Group. 
ILeperditia  (laochilina)']  cylindrica  Hall,  1872;  24th  Rept.  N.  Y.  Stote  Mua.  Nat. 

Hist.,  p.  231,  pi.  8,  fig.  2;  also,  Pal.  Ohio,  vol.  2, 1875,  p.  101,  pi.  4,  fig.  5. 

Prof.  T.  Rupert  Jones  (Quart.  Jour.  Geol.  Soc,  vol.  46, 1890,  p.  8)  refers  this 
species  to  Primitia  minuta  Eichwald. 

cylindrica  Miller,  1875 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  2,  p.  351. 

fabacea  Jones,  1890 ;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  22,  pi.  2,  fig.  11. 

•  Hamilton. 
ILeperdiHa  {laochilina)'}  gracilia  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London, 

3d  series,  vol.  1,  p.  248,  pi.  10,  fig.  2;  also,  Geol.  Survey  Canada,  decade  3,  p.  98, 

pL  2,  fig.  15.  Trenton. 
gregaria  (Whitfield)  Jones,  1890 ;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  22,  pi.  1,  figa. 

9,10. 
For  other  references,  see  Primitia  gregaria. 
joneai  Wetherby,  1881 ;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  4,  p.  80,  pi.  2,  figs. 

7,  7  a.  Subcarboniferous. 

lineata  Jones,  1890 ;  Quart.  Jour.  GeoL  Soc,  voL  46,  p.  21,  pi.  2,  figs.  5  a,  b,  8  a,  b. 

Hamilton. 
ILeperditia  (laochilina)]  minntisBima  Hall,  1871 ;  Des.  New  Species  Foes.  Had- 

son  River  Group,  p.  7. 
ILeperditia  (laochilina)]  minutiBBima  Hall,  1872;  24th  Rept.  New  York  State 

Mob.  Nat.  Hist.,  p.  231,  pi.  8,  fig.  13. 
ILeperditia  (laochilina)]  minutiBBima  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  voL 

2,  p.  102,  pi.  4,  fig.  5.    (See  Aparchitea  minatiaaima.) 
ILeperditia  (laochilina)]  Ottawa  Jones,  1858;  Annals  Mag.  Nat.  Hist., London, 

3d  series,  vol.  1,  p.  248,  pi.  11,  fig.  1.  Chazy. 
ILeperditia  (laochilina)]  Ottawa  Jones,  1858;  GeoL  Survey  Canada,  decade  3,  p. 

97,  pi.  9,  fig.  14. 

otta'wa  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  yol.  14,  p.  345. 

Beelyi  (Whitfield)  Jones,  1890 ;  Qnait.  Jour.  Geol.  Soc,  voL  46,  p.  22,  pL  1,  fig.  7. 

For  other  references,  see  Primitia  aeelyi. 
KlcBdenia  Jones  and  Holl,  1886;  Annals  Mag.  Nat.  Hist.,  London.  5th  series,  vol.  17, 

p.  362. 
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KloBdenia  IBejfrichia]  notata  Hall,  1859 ;  Pal .  New  York,  vol.  3,  p.  ^9,  pi.  79  b,  tigs. 

3  a,  b,  c.  «  Lower  Helderberg. 

IBejftiohia]  notata  var.  ventrioosa  Hall,  1859 ;  idem,  p.  380,  pi.  79  b,  figs.  4  a,  b,  c. 

notata  Jones,  1890 ;  Quart.  Joar.  Geol.  Boo.,  vol.  46,  p.  13,  pi.  4,  figs.  22, 23. 

notata  var.  ventriooaa  Jones,  |890 ;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  14,  pi.  1, 

figs,  la,  b;  pL  4, fig.  24. 

pennaylvanioa  Jones,  1889;  American  Geologist,  vol.  4,  p.  341,  pi., "figs.  5-9. 

Lower  Helderberg. 

aimplex  Jones,  1889 ;  American  G^logist,  vol.  4,  p.  338,  pi.,  fig.  14. 

Upper  Devonian. 
Zaaaia  Jones,  1862 ;  Mon.  Fossil  Estherie,  p.  115. 

iCypricardiai  leidyi  Lea,  1855;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  7,  p.  341,  pi.  4. 

Coal  Measures. 

leidyi  Jones,  1862 ;  Mon.  Fossil  Estheris,  p.  116,  pi.  5,  figs.  11, 12. 

leidyi  Dawson,  1868 ;  Acadian  Geology,  p.  256,  fig.  78  c. 

leidyi  Packard,  1882 ;  12tb  Kept.  U.  8.  Geol.  Survey  Territories,  p.  358,  fig.  24. 

leidyi  Joues,  1870;  Geol.  Mag.,  vol.  7,  p.  219,  pi.  9,  fig.  11 ;  also,  GeoL  Mag., 

decade  3,  vol.  1,  p.  361,  pi.  12,  fig.  13. 

txicaiinata  Meek  and  Worthen,  1868 ;  Geol.  Survey  lUinois,  vol.  3,  p.  541,  figs. 

Bi,  B«,  Ba.  Coal  Measures. 

tricarinata  Wbite,  1884 ;  13th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  167, 

pi.  39,  figs;  10-13. 

Zaaperditia  Rouanit,  1851 ;  Bull.  Soc.  G^ol.  France,  2d  series,  vol.  8,  p.  377. 

ICgtherina'l  alta  Conrad,  1842 ;  Geol.  Rept.  New  York,  3d  Geol.  Dist.  ( Vanuxem), 

p.  112.  Lower  Helderberg. 

iCjfthenna']  alta  ?  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  338,  pi.  78,  figs.  2  a-d. 

Referred  to  Leperditia  jonesi  Hall,  idem,  vol.  3,  p.  1^72. 

alta  Jones,  1856 ;  Annals  and  Mag.  Nat.  Hist.,  London,  2d  series,  vol.  17,  p.  88,  pi. 

7,  figs.  6, 7. 

alta  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p.  250,  pi.  10, 

figs.  10,  11. 

alta  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  373,  pi.  79  a,  figs.  6  a-e. 

alta  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  187,  pi.  17,  figs.  2  a,  b. 

alta  Jones,  1881 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  8,  p.  346. 

alta  Whitfield,  1882;  Geol.  Wisconsin,  voL  4,  p.  323,  pi.  25,  figs.  8,9. 

alta  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  14,  p.  343. 

alta  Jones,  1890 ;  Quart.  Jour.'  Geol.  Soc,  vol.  46,  p.  25,  pi.  1,  figs.  6  a,  b. 

amygdalina  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p. 

341.  Trenton. 

amygdalina  Jones,  1858 ;  Geol.  Survey  Canada,  decade  3,  p.  97,  pi.  11,  figs.  18, 19. 

amygdalina  Joues,  1881;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  8,  p. 

344,  pL  19,  fig.  9. 

amygdalina  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  14,  p. 

342. 

angnlifera  Whitfield,  1881 ;  Annals  New  York  Acad.  Sci.,  vol.  2,  p.  199. 

Lower  Helderberg. 

anna  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p.  347,  pi. 

9,  fig.  8.  Calciferons. 

anna  Jones,  1858;  Qeoh  Survey  Canada,  decade  3,  p.  96,  pi.  11,  fig.  13. 

antiooatiana  Jones,  1884 ;  Anuals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  14,  p. 

241.  Hudspn. 

Syn.,  oanadentiU  \akT.  anticostiana  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London, 

3d  series,  vol.  1,  p.  341.  Hudson. 

oanadetma  var.  anticoatiana  Jones,  1858 ;  Geol.  Survey  Canada,  decade  3,  p. 

95,  pi.  11,  fig.  17. 
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Leperditia  anticostiana  Billings,  1866; 'Catalogue  Sil.  Foaa.,  Anticosti,  p.  68. 

Syn,,  fabuliiea  (Conrad)  var.  aniioosliana  Jones,  18^1;  Annals  Mag.  Nat.  Hist., 
London,  5th  series,  vol.  8,  p.  344,  pi.  19,  fig.  8. 

arotloa  Jones,  1856  ,*  Annals  Mag.  Nat.  Hist.,  London,  2d  series,  vol.  17,  p.  87, 

figs.  1-5.  Upper  Silarian. 

Syn.,  halthica  var.  aretica  (Jones)  Salter,  1852;  Appendix  Sutherland's  Jour.  Voy- 
age Baffin's  Bay^  vol.  2,  p.  ccxxi,  pi.  5,  fig.  13. 
balthioa  var.  arcHoa  (Jones)  Salter,  1853 ;  Quart.  Jour.  Gtool.  8oc.  London, 
vol.  9,  p.  314. 

argenta  Walcott,  1B86 ;  Bull.  U.  8.  Qeol.  Survey,  No.  30,  p.  146,  pi.  8,  fig.  5. 

Biiddle  Cambrian. 

billingii  Jones,  1856;  Annals  Mag.  Nat.  Hist.,  London,  2d  series,  vol.  8,  p.  345, 

pi.  15,  fig.  9.  Trenton. 

bivertex  Ulrioh,  1879 ;  Jour.  Cincinnati  Soo.  Nat.  Hist.,  vol.  2,  p.  11,  pi.  7,  figs. 

5, 5  a.  Hudson. 

bivla  White,  1874 ;  Sept.  Invert.  Foss.  U.  S.  Geog.  and  Geol.  Survey  W.  lOOth 

Mer.,  p.  11.  Quebec. 

Wvla  White,  1877;  U.  S.  Geog.  and  Gteol.  Survey  W.  100th  Mer.,  Pal»ont.»  voL 

4,  p.  58,  pi.  3,  figs.  7  a-d. 

dymen  MiUer,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  123,  fig.  10.     (See 

jBohmina  be3rnieaL)  •  Hudson. 

oascigena  MiUer,  1881;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  1,  p.  263,  pi.  6, 

figs.  5,  5  a.  Hudson. 

oanadensia  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p. 

244,  pi.  9,  figs.  11-15.  Chazy  and  Trenton. 

canadenais  Jones,  1858 ;  Geol.  Survey  Canada,  decade  3,  p.  92 ;  var.  nana,  pi.  11, 

figs.  6,7,9, 10,  and  laW'OBa^  pi.  11,  fig.  8. 

oanadensia  Jones,  1881 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  14,  p. 

340. 
Compare  Leperditia  iurgida,  L.  ooncinnulaf  and  L,  ventralis, 

canadensis  var.  pauquettiana  Jones.    (See  Iieperditia  louckana.) 

ICyiherel  carbonaila  Hall,  1858;  Trans.  Albany  Inst.,  vol.  4,  p.  33.        Warsaw. 

oarbonaria  Whitfield,  1882;  Bull.  Am.  Mus.  Nat.  Hist.,  New  York,  vol.  1,  p.  94, 

pi.  9,  figs.  24-27. 

capax  Safford ;  Geol.  Tennessee.    (Not  defined. ) 

oayuga  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  83.  Corniferous. 

oayuga  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  111. 

claypolei  Jones,  1890;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  25,  pi.  3,  figs.  17  a-c. 

Cincinnati. 

oonolnnula  Billings,  1865 ;  Pal.  Fossils,  vol.  1,  p.  299.  Quebec. 

oreplfonnla  Ulrich,  1879;  Jour.  Cincinnati  Soo.  Nat.  Hist.,  vol.  2,  p.  10,  pi.  7, 

figs.  3, 3  a.  Hudson. 

lCytherina'\  oylindxloa  Hall,  1852;  Pal.  N.  Y.,  vol.  2,  p.  14,  pi.  4,  figs.  8  a,  b. 

For  other  references,  see  laoohilina  cylindiioa.  Medina. 

dermatoides  Walcott,  1887;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  192,  pi.  1,  figs. 

13, 13  a.  Cambrian. 

faba  Hall,  1876;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  Expl.,  pi.  32,  figs. 

1-3.  Niagara. 

faba  ball,  1879;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  186,  pi.  32, 

figs.  1-3  (2d  ed.). 

faba  Hall,  188^;  11th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  331,  pi.  34, 

figs.  1-3. 

ICythenna^  fabolitea  Conrad,  1843;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  1,  p.  332. 

Trenton. 
fabolitea  Jones,  1856;  Annals  Mag.  Nat.  Hist.,  London,  2d  series,  vol.  17,  p.  89- 


vo«DiB.J  CATALOGUE   OP  NON-TBILOBITE8.  171 

Xieperditia  fobuUtea  Jodbs,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  voL  1, 
p.  341. 

fabolitea  Jones,  1881;  Annals  Mag.  Nat.  Hist.,  London,  4tli  series,  vol.  8,  p.  342. 

fabnlitea  Whitfield,  1883;  Qeol.  Wisconsin,  vol.  1,  p.  60,  fig.  5. 

fobulitea  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  14,  p.  342. 

IbntioQla,  1867 ;  20th  Bept.  New  York  State  Cab.  Nat.  Hist.,  p.  335,  pi.  21,  figs. 

1-^.  Niagara. 

fontiooU,  1870;  20th  Bept.  New  York  State  Cab.  Natl  Hist.  (rev.  ed.),  p.  428, 

pi.  21,  figs.  1^. 

gibbera  Jones,  1856;  Annals  Mag.  Nat.  Hist.,  London,  2d  series,  vol.  17,  p.  90, 

pi.  7,  figs.  1-^.  Niagara. 

gibbera  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  toI.  1,  p.  250, 

pi.  10,  figs.  7-^. 

gibbera  var.  eoalarla  Jones,  1858;  Geol.  Survey  Penn.,  vol.  2,  p.  834,  fig.  698. 

gradliB.    (See  iBOChilina  graoilia.) 

hudaonlca  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  375,  pi.  79  a,  figs.  7  a,  b,  o. 

Lower  Holder  berg. 

hudaonioa  Jones,  1890 ;  Quart.  Jour.  Qeol.  Soc.,  vol.  46,  p.  24,  pi.  1,  figs.  5  a-c,  11 

ar-o ;  pi.  3,  fig.  20  (f ) 

joneBi  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  272,  pi.  79  a,  figs.  5  a-e. 

Lower  Helderberg. 

joneei  Jones,  1884;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  1,  p.  343. 

Syn.,  aUa  Hall,  1852 ;  Pal.  New  York,  voL  2,  p.  338,  pL  78,  figs.  2  a-d. 

joeephiana  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London, 5th  series,  vol.  1,  p.  341. 

Trenton. 
Syn.,  oanadefuis  VAT.  Joiephiana  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d 
series,  vol.  1,  p.  341. 
ooModenna  var.  joBepkiana  Jones,  1858 ;  Geol.  Survey  Canada^  decade  3,  p.  94, 

pL  11,  fig.  16. 
fabulUeB  yw,  joiephiana  Jones,  1881;  Annals  Mag.  Nat.  Hist.,  London,  5th 
series,  vol.  8,  p.  344,  pi.  19,  fig.  7 ;  pi.  20,  figs.  7, 8;  also,  p.  345,  pi.  20,  fig.  4  (f ). 
'  WrroBa.    (See  Leperdltia  canadensiB.) 

lOQokiazia  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  1,  p.  341. 

Trenton. 
Syn.,  canadenaiif  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1, 
p.  245,  pL  9,  figs.  16,17. 
Afterwards  var.  louMana  and  Leptrditia  oanaden$is  va^T.pauq%tiifiana. 
canadentiB  var.  lowikiana  Jones,  1858 ;  Geol.  Snrvey  Canada,  decade  3,  p.  93, 

pi.  11,  fig.  11. 
fabuliiw  var.  lowMana  Jones,  1881;  Annals  Mag.  Nat.  Hist.,  London,  5th 
series,  vol.  8,  p.  343. 

[Cypridind]  marginata  Keyserling,  1846;  Wiss.  Beob.  auf  einer  Beise  in  das 

Petochora-Land,  p.  288,  pi.  11,  fig.  16. 
-—^  marglnata  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  17,  p. 
91,  pL  7,  figs.  11, 14, 15. 
Syn.,  Cyridina  halihica  Eiohwald  (not  CytheHna  halthiea  Hisinger)  BnlL  Soc,  Nat. 
Moscoa,  1854,  No.  1,  p.  99,  pi.  2,  fig.  6. 

llBOckilina']  minuHaHma  Hall.    (Soe  Isoohilina  minntUBima.) 

morgani  Safford ;  Geol.  Tennesaee.     (Not  defined.) 

Nana?  Jones,  1890;  Qnart.  Jour.  Geol.  Soc,  vol.  46,  p.  27,  pi.  4,  fig.  4.    (See, 

also,  Leperdltia  canadenaia  var.  nana.) 

okeni  (Milnster)  Dawson,  1868 ;  Acadian  Geology,  p.  256,  fig.  78  b. 

Lower  Carbonlferons. 
^-^  Ottawa,    (See  laoohilina  ottav^a.) 

ovata  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  voL  1,  p.  252,  pi. 

10,  fig.  14.  *\:tWQXian^ 
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Ldperditla  ovata  Jones,  1858;  Geol.  Sarvey  Peno.,  vol.  2,  p.  834,  fig.  697. 

pauquettiana,    (See  Leperditia  canadenaiB  var.  pauquettiana.) 

paraHHca  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  376,  pi.  79  a,  figs.  8  a,  b. 

Lower  Helderberg. 
Referred  by  T.  R.  Jones  to  Beyxlohia  paraaitioa,  which  see. 

panmla  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  376,  pi.  79  a,  figs.  9  a,  b. 

Lower  Helderberg. 

pennsylvanica  Jone^  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p. 

251,  pi.  10,  figs.  12, 13.  Clinton. 

pennaylvanioa  Jones,  1858 ;  Geol.  Survey  Penn.,  vol.  2,  p.  834,  fig.  699. 

punotulifera  Hall,  1860 ;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  92.     (See 

Primitiopaia  panctnliliMra.)  Hamilton. 

radlata  Ulrich,  1879 ;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  voL  2,  p.  9,  pi.  7,  figs. 

2  a,  b.  Utica. 

rotnndata  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  GeoL  Survey,  vol.  8,  p. 

206,  pi.  16,  fig.  5.  Devonian. 

aoalaria  (Leperditia  gibbera  var.  soalaria  Jones,  1858) ;  Annals  Mag.  Nat.  Hist. 

London,  3d  series,  vol.  1,  p.  250,  pi.  10,  figs.  7-9.  Waterlime. 

aeneca  Hall,  1861 ;  Dee.  New  Species  Fossils,  p.  84.  Hamilton. 

seneoaHall,  1862;  15th  Rept  New  York  State  Cab.  Nat.  Hist.,  p.  112. 

aeneoa  Jones,  1890;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  23,  pi.  1,  figs.  13, 14. 

: slnnata  Hall,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  158.  Upper  Silurian. 

Blnuata  Dawson,  1868;  Acadian  Geology,  p.  609,  fig.  217. 

ainuata  Jones,  1890 ;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  24,  pL  1,  figs.  12  »-c. 

apinulifera  Hall,  1861 ;  Des.  New  Species  Fossils,  p.  83.  Corniferous. 

api&oUfera  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  111. 

[  Cythere"]  anbUevia  Shumard,  1855 ;  1st  and  2d  Ann.  Rept.  Geol.  Survey  Mis- 
souri, p.  195,  pL  B,  fig.  15.  Lower  Magneaian. 

aubquadrata  Jones,  1889;  American  Geologist,  vol.  4,  p.  340,  pi.,  figs.  4  a-d. 

Lower  Helderberg. 
trojfm9i»  Ford.    (See  Ariatosoe  troyenala.) 

onioomia  Ulrich,  1879 ;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  2,  p.  10,  pi.  7,  figs. 

4,  4  a,  b.  Hudaon. 

Referred  by  Prof.  T.  R.  Jones  to  Primiiia  unioomii, 

ventralia  Billings,  1865 ;  Pal.  Fossils,  vol.  1,  p.  300.  Quebec. 

Lepidocoleua  Faber,  1886;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  9,  p.  15. 

jameai  (Hall  and  Whitfield)  Faber,  1866 ;  idem,  vol.  9,  p.  15,  pi.  1,  figs.  a-f. 

Hudaon. 
For  other  references,  see  Pumulltea  jameaL 

Liagocaria  Clarke,  1882;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  478. 

lutherl  Clarke,  1882;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  478,  pi.  1,  fig.  5. 

Hamilton. 

Meaothyra  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  187. 

[JHtkyrocaria'i  neptoni  Hall,  1876 ;  Illus.  Devonian  Fos.,  pi.  23  (not  pi.  22,  figs. 

1-5) ;  pi.  23,  figs.  1-3.  Hamilton. 
IDithyrooaris'i  neptoni  Packard,  1878 ;  12th  Rept.  U.  S.  Geol.  Survey  Territoriea, 

p.  452,  fig.  73. 
IDithyrooarisI  neptoni  Etheridge,  Woodward,  and  Jones,  1887;  5th  Rept.  Comm. 

Foss.  Phyllopodk  Pal.  Rocks,  p.  8. 

neptoni  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  191,  pi.  32,  fig.  7 ;  pi.  33,  fig.  I. 

-^  neptoni  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss.  Phyl- 

lopoda  Pal.  Rocks,  p.  8. 
Syn.,  oceani  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  187,  pi.  32,  figs.  1-6;  pL  33,  fig. 
4-7;  pi.  34,  figs.  1-5.  Portage. 
IDithyrooaris']  neptoni  Hall,  1876;  Hlns.  Devonian  Fobs.,  pi.  22,  figs.  1-5;  pi. 

33,  figs.  1-3. 
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Meaothyra  IDitkyrocarit']  noptunl  Etherldge,  Woodward,  and  Jonea,  1887 ;  5tb  Bept. 
Comm.  Fobs.  Phyllopoda  Pal.  Rooks,  p.  8. 
Syn.y  MeBOtkjfra  ooMiai  Etheridge,  Woodward,  and  Jones,  1888;  6th  Rept.  Comm. 
Foss.  Phyllopoda  Pal.  Books,  p.  8. 

atnmaa  HaU,  1888;  Pal.  New  York,  vol.  7,  p.  193,  pi.  32,  figs.  8,  9 ;  pi.  84,  fig.  2. 

Hamilton. 
stnmea  Etheridge,  Woodward  and  Jones,  1888 ;  6th  Rept.  Comm.  Fobs.  Phyllo- 
poda Pal.  Rocks,  p.  8.  • 

IDithprocaria  f  ]  ▼enerla  Hall,  1888 ;  Pal.  New  York,  toI.  7,  p.  193,  pi.  33,  fig.  3. 

Hamilton. 

IDiikyrooaris  t]  veneris  Etheridge,  Woodward,  and  Jones,  1888 ;  ^th  Rept.  Comm. 

Foss.  Phyllopoda  Pal.  Rocks,  p.  8. 
KeoUmiilua  Woodward,  1868;  Oeol.  Hag.,  vol.  5,  p.  1. 

Type,  XeoUmulu9  falcaius  Woodward. 
Kothosoe  Barrande,  1872;  Syst.  Sil.  Boh6me,  vol.  1,  snppl.,  p.  536. 
Type,  yoiho£oe  pollens  Barrande. 

vermontana  Whitfield,  1884 ;  Bnll.  Am.  Mns.  Nat.  Hist.,  toI.  1,  p.  144,  pi.  14, 

figs.  14, 15.  Potsdam* 

Palasocaria  Meek  and  Worthen,  1865 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  17,  p.  48. 

typuB  Meek  and  Worthen,  1865;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  17,  p.  49. 

8yn.,  AoanthoielBon  itUB^ualU  Meek  and  Worthen,  1865;    Proc.  Acad.  Nat.  Sol. 
Phila.,  Tol.  17,  p.  48.  Coal  Measnres. 

AeanihoieUon  tfuiqwUU  Meek  and  Worthen,  1866;  Geol.  Illinois,  vol.  2,  p.  403,  pi. 
32,  fig.  7,  7  a. 

typuB,  Meek  and  Worthen,  1866;   Oeol.  Illinois,  vol.  2,  p.  405,  pi.  32,  figs.  5  a-d. 

typua  Meek  and  Worthen,  1868;  Oeol.  Illinois,  yol.  3,  p.  552,  Jgs.  a,  h. 

typua  Peach,  1880;  Trans.  Royal  Soc.  Edinburgh,  vol.  30,  p.  85,  pi.  10,  figs. 

10  g,  10  h. 

typua  Brocchi,  1880 ;  Bnll.  Soc.  O^l.  Fraaoe,  vol.  8,  p.  9,  pi.  1,  figs.  S-10. 

— ~  typua  Woodward,  1881 ;  Gtool.  Mag.,  decade  2,  vol.  8,  p.  533,  wood-out. 

typua  White,  1884 ;  13th  Ann.  Rept.  Dept.  Oeol.  Nat.  Hist.  Indiana,  p.  179,  pi. 

38,  figs.  1  2,  3. 

typua  Packard,  1885 ;  Am.  Naturalist,  vol.  19,  p.  790. 

typua  Packard*  1886;  Mem.  Nat.  Acad.  Sci.,  vol.  3,  p.  129,  pi.  3,  figs.  1-4 ;  pi. 

7,  figs.  1,  2. 
Palaocrangon  Salter,  1861.    (See  Orangopaia  Salter,  1863.) 
Palesopalsemon  Whitfield,  1880;  Am.  Jour.  Sci.,  3d  series,  vol.  19,  p.  40. 

ne'V7berryl  Whitfield,  1880 ;  Am.  Jour.  Sci.,  2d  series,  vol.  19,  p.  41.  Erie. 

newberryl  Whitfield,  1880 ;  Author's  Edition,  plate,  figs.  1,  2,  3. 

newberryl  HaU,  1888;  Pal.  New  York,  vol.  7,  p.  203,  pi.  30,  figs.  20-23. 

Palasooreuala  Clarke,  1888 ;  Pal.  New  York,  vol.  7,  p.  210. 

devonioa  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  210,  pi.  36,  figs.  24,  26. 

Corniferous. 
Plumulitea  Barrande,  1872;  Syst.  Sil.  BohAme,  snppl.,  vol.  1,  p.  565. 

devonioua  Clarke,  1882;  Am.  Jonm.  Sci.,  3d  series,  vol.  24,  p.  55,  figs.  1,  2. 

Hamilton. 

jameBi  HaU  and  Whitfield,  1875;  Pal.  Ohio,  vol.  2,  p.  106,  pL  4,  figs.  1-3. 

Hudson. 

?  jameBi  Miller,  1875 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  2,  p.  ^5,  fig.  19. 

Referred  hy  Faher(Jonr.  Cincinnati  Soc.  Nat.  Hist.,  vol.  9,  1886,  p.  15)  to  a 
new  genus  under  the  name  of  Lepidoooletu, 

newberryl  Whitfield,  1881 ;  Annals  New  York  Acad.  Sci.,  vol.  2,  p.  217. 

Huron, 
^estwicliia  Woodward,  1867 ;  Quart.  Joor.  Gtool.  Soc.  London,  vol.  23,  p.  32. 
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Piaalwichia  danee  (Meek  and  Worthen)  Packard,  1886;  Mem.  Nat.  Acad.  Sci., 

3,  p.  146,  pi.  5,  figs.  3,  39;  pi.  6,  figs.  1  a,  d,  2  a. 
For  other  references  to  this  species,  see  Bnproopa  and  BeUnumk 
—— erfonsw  Williams.    (SeeProtollmuluaerienfliB.) 
Protolimnlua  Packard,  1866 ;  Mem.  Nat.  Acad.  Set.,  vol.  3,  p.  150. 
IPreatwichia]  erlenaiB  Williams,  1885 ;  Am.  Joor.  Sci.,  3d  series^  yol.  30,  p. 

3  figs.  DeToni 
IProtolimulut']  erleftsiB  Packard,  1886;  Mem.  Nat.  Acad.  Soi.,  toI.  3,  p.  '. 

figs.  11-13. 

erienslB  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  153,  pi.  26,  figs.  1,  2. 

Pximitila  Jones  and  Holl,  1865;  Annals  Mag.  Nat.  Hist.,  3d  series,  London,  toL  16 

415. 
Prlmitia  erUtata  Whitfield,  1889;  Bnll.  Am.  Mas.  Nat.  Hist.,  New  York,  ▼oL;2,  p. 

pi.  13,  figs.  1,  2.    (See  laoohilina  criatata.) 
ffregaria  Whif;field,  1889 ;  Boll.  Am.  Mas.  Nat.  Hist.,  New  York,  vol.  2,  p.  58, 

13,  figs.  3-^.    (See  laochilina  gregaria.) 

lativia  Ulrich,  1889 ;  Contribations  Micro-Palieont.,  pt.  2,  p.  50,  pL  9,  figs.  8, 8 1 

Hndi 
IBeyriohia'i  loganiYBX,  Uperditioides  Jones,  1858;  Annals  and  Mag.  Nat.  Hi 

London,  3d  series,  vol.  1,  p.  244,  pi.  9,  fig.  10.  Trenl 
IBefffiohia']  logani  yar.  l^^ditoideB  Jones,  1858 ;  Geol.  Sorrey  Canada,  dec 

3.  p.  91,  pi.  11,  figs.  1-5. 
leperditioid^B  Jones,  1884:  Annals  and  Mag.  Nat.  Hist.,  6th  series,  Lond 

yol.  14,  p.  345. 

mundnla  Jones,  1889;  American  Geologist,  vol.  4,  p.  337,  pi.,  figs.  1,2, 10, 15 

Upper  Devon] 
IBejfriohia  (PHmtiia)]  oocidentaUa  Waloott,  1884 ;  Pal.  Enreka  Dist.,  Mon.  U 

Geol.  Survey,  vol.  8,  p.  204,  pi.  17,  figs.  4,  4  a.  Devoni 
IBeyriohiafi  parallela  Ulrich,  1889;  Contribations  Micro-PalsBont.,  pt.  2,  p. 

pi.  9,  figs.  7-7  a.  Hod« 

pennaylvanica  Jones,  1889 ;  American  Gfeologist,  vol.  4,  p.  339,  pi.,  figs.  15  a,  b 

Marcel 

aeminulum  Jpnes,  1890 ;  Qaart.  Joar.  Geol.  Soc.,  vol.  46,  p.  5,  pi.  2,  fig.  2. 

Hamill 
Beeljfi  Whitfield,  1889 ;  Ball.  Am.  Mas.  Nat.  Hist.,  N.  Y.,  vol.  2,  p.  60,  pi.  13,  f 

15-21.    (See  laochilina  aeelyL) 
nnioomia  (Ulrich)  Jones,  1890 ;  Qaart.  Joar.  Geol.  Soc,  vol.  46,  p.  7,  pL  11,  i 

8-13. 
For  other  references,  see  Beyrloliia  unioorziia  Ulrich.    The  species  is  ref  ei 

by  Ulrich  (Contribations  Micro-Pal»ont.,  pt.  2,  p.  50)  to  Aparckitet  unicor 

pi.  9,  fig.  11. 

'V7hitfieldi  Jones,  1890 ;  Qaart.  Joar.  Geol.  Soc,  vol.  46,  p.  9,  pi.  3,  figs.  24  i 

Cincinn 
Primitiopaia  Jones,  1887 ;  Notes  on  some  Sil.  Ostracoda  from  Gothland,  p.  5. 
pnnctnlifera  (Hall)  Jones,  1890 ;  Quart.  Joar.  Geol.  Soc,  vol.  46,  p.  9,  pi.  2,  f 

7a,b,  12a,b.  Hamill 

For  other  references,  see  Beyriohia  pnnotolifera  Hall. 
ProtObalanuB  Whitfield,  1889;  Boll.  Am.  Mus.  Nat.  Hist.,  New  York,  vol.  2,  p. 

Hall,  1888;  Pal.  New  York,  vol.  7,  pp.  Ixii  and  209. 

hamiltonensia  (Whitfield)  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  209,  pi.  36,  fig. 

hamiltonenaia  Whitfield,  1889 ;  Bnll.  Am.  Mas.  Nat.  Hist.,  New  York,  vol.  2,  p. 

pi.  13,  fig.  22.  Marcel 

Piotooaria  Walcott,  1884;  Bull.  U.  8.  Geol.  Sarvey,  No.  10,  p.  50. 

marahi  Walcott,  1884;  Ball.  U.  S.  Geol.  Survey,  No.  10,  p.  50,  pi.  10. 

Cambrj 
mfur$hi  Wnloott,  1886 ;  Bull*  U.  S,  Qeol,  Survey,  No.  30,  p.  148,  pL  16,  fig.  1, 
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PterygotQS  AgassiZy  1844;  Mon.  Poiasons  Foasileg,  note,  p.  ziz. 

aoQticaiida  Pohlman,  1882 ;  Ball.  Baffalo  Soo.  Nat.  Soi.,  vol.  4,  p.  42,  pi.  2, 

fig.  3.  Waterlime. 

bUobos  (Huxley  and  Salter)  Pohlman,  1886;  Bull.  Buffalo  Soc.  Nat.  Soi.,  yoI. 

5,  p.  27.  Waterlime. 

baffeaoenais  Pohlmau,  1881 ;  Bull.  Buffalo  Soo.  Nat.  Sci.,  toI.  4,  p.  17,  figs.  1,2. 

Waterlime. 

bnffaloezuds  Poblman,  1882 ;  Bull.  Buffalo  Soo.  Nat.  Sci.,  yol.  4,  p.  44,  pi.  3, 

fig.  3. 

bofialoensis  Pohlmau,  1886;  Bull.  Buffalo  Soo.  Nat  Sol.,  vol.  5,  p.  24,  pL  3,  fig.  1. 

oanadansiB  Dawson,  1881 ;  Canadian  Naturalist,  new  series,  vol.  9,  p.  103,  figs. 

1, 2.  Niagara. 

oobbi  Hall,  1859;  Pal.,  New  York,  yol.  3,  p.  417,  pi.  83  b,  fig.  4;  pi.  84,  fig.  8  (T). 

Waterlime. 

cummlTigai  Grote  and  Pitt,  1875;  Bull.  Buffalo  Soo.  Nat.  Sol.,  vol.  3,  p.  18,  figure. 

Waterlime. 

cnmmixigBl  Grote  and  Pitt,  1878 ;  Proo.  Am.  Assoo.  Ady.  Soi.,  26th  Meeting,  p. 

300,  figure. 

globfcandatna  Pohlman,  1882 ;  Bull.  Buffalo  Soo.  Nat.  Sol.,  yoL  4,  p.  42,  pi.  2, 

tg,  2.  Waterlime. 

macrophthalmuB  Hall,  1869;  Pal.  New  York,  vol.  3,  p.  418,  pi.  80  a,  figs.  8, 8  a. 

Waterlime. 

macTophthalmns  Pohlman,  1882;  Bull.  Buffalo  Soo.  Nat.  Soi.,  yol.  4,  p.  44. 

osbomi  Hall,  1859;  Pal.  New  York,  yol.  3,  p.  419,  pi.  80  a,  fig.  9.       Waterlime. 

qoadrloaiidataB  Pohlman,  1882;  Bull.  Buffalo  Soo.  Nat.  Sol.,  yol.  4,  p.  43,  pi.  3, 

fig.  1.  Waterlime. 

Itachura  Soudder,  1878;  Proo.  Boston  Soo.  Nat.  Hist.,  vol.  19,  p.  296. 
Probably  the  same  as  the  genus  Diihyooaris, 

—  venosa  Soudder,  1878 ;  Proo.  Boston  Soo.  Nat.  Hist.,  vol.  19,  p.  296. 

Coal  Measures. 

IDUkyooarU  f]  vwota  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Repti  Comm. 

Foes.  Phyllopoda,  p.  4. 

Rhinooaris  Clarke,  1888 ;  Pal.  New  York,  vol.  7,  p.  lyiii. 

oolnmbiiia  Clarke,  1888 ;  Pal.  New  York,  yol.  7,  p.  195,  pi.  31,  figs.  16-21. 

Hamilton. 

ooluinbiiia  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Bept.  Comm.  Foss.  Phyl- 
lopoda, etc.,  p.  8. 

aoaphoptera  HaU,  1888;  Pal.  New  York,  vol.  7,  p.  197,  pi.  31,  figs.  22,  23. 

Hamilton. 

aoaphoptera  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Kept.  Comm.  Foss. 

Phyllopoda  Pal.  Bocks,  p.  8. 

SohiBOdiacua  Clarke,  1888 ;  Pal.  New  York,  vol.  7,  p.  207. 

Ofpra  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  207,  pi.  25,  figs.  1-9.      Hamilton. 

Spathiooaria  Clarke,  1882;  Am.  Jour.  Soi.,  3d  series,  yol  23,  p.  477. 

emeraoni  Clarke,  1882;  Am.  Jour.  Soi.,  3d  Berie8,*yol.  23,  p.  477,  pi.,  figs.  1-3. 

Hamilton. 

emeraoni  Packard,  1883;  12tb  Kept.  U.  S.  Qtoh  Survey  Territories,  p.  451. 

emeraoni  Clarke,  1886;  Neues  Jarbuoh  fUr  Mineral.,  p.  180. 

emeraoni  Woodward*  and  Jones,  1884 ;  2d  Kept.  Comm.  Foss.  Phyllopoda  Pal. 

Rocks,  p.  7. 

emeraoni  Clarke,  1885;  Bull.  U.  S.  Geol.  Survey,  No.  16,  p.  46. 

emeraoni  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Rept.  Comm.  Foss.  Phyllo- 
poda Pal.  Rocks,  p.  3. 

emeraoni  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  199,  pi.  35,  figs.  12-18. 

— —  emeraoni  Etheridge,  Woodward,  and  Jones,  1898 ;  6th  Bept.  Comm.  Foss,  Phyl- 
lopoda Pal.  Rocks,  p.  8, 
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Solenocaria  Meek,  1871;  Proc.  Aoad.  Kat.  Sci.  Phila.,  toI.  ^,  p.  335. 

The  name  Solenoearia  was  nsed  fpr  a  speoies  of  fossil  crastaoea  by  Mr.  J.  Tonog 

in  1868.    Change  to  StrigoearU, 

ludoviei  Worthen,  1884 ;  Ball.  Illinois  State  Cab.  Kat.  Hist.,  No.  2,  p.  3. 

St.  Lonis. 
ICeraiiocarU  (Solenocari8)'\  striguta  Meek,  1872;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol. 

23,  p.  335.  Wayerly. 
ICeratiocaris  (SoUnocaris)'}  atrigata  Meek,  1675;  Pal.  Ohio,  vol.  2,  p.  321,  pi.  18, 

figs.  4  a-e. 
Strigocaria,  name  suggested  to  replace  preoccupied  generic  name  SolewHMfu  (Meek) 

Yogdes,  1889;  Annals  N.  T.  Acad.  Sol.,  vol.  5,  p.  M, 
ISolenooarie'l  at  ludovici  Worthen,  1884 ;  Bull.  Illinois  State  Cab.  Nat.  Hist., 

No.  2,  p.  3.  St.  Lonis. 
ICeratiocaria  iSolenotaris)']  atrigata  Meek,  1872;  Proc.  Nat.  Aoad.  Sci.  Phila., 

vol.  23,  p.  335.  Waverly. 
{ Ceraiiocarie  {Solmooari$)']  atrigata  Meek,  1875;  Pal.  Ohio,  vol.  2,  p.  321,  pL  18, 

figs.  4  a-c. 

Strobilepsia  Clarke,  1688 ;  Pal.  New  York,  vol.  7,  p.  212. 

apinigera  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  212,  pL  36,  figs.  20-22. 

Hamilton. 
Stylonnma  Page,  1856 ;  Advance  Text-book  Geology. 

ezcelsior  Hall,  MSS.  Catakill. 

excelsior' Martin,  1882;  Trans.  New  York  Acad.  Sci.,  vol.  2,  p.  8. 

excelsior  Hall,  1884 ;  36th  Rept.  New  York  State  Mas.,  p.  77,  pi.  5,  fig.  1. 

excelsior  Hall,  1885 ;  Proc.  Am.  Assoc.  J^dv.  Sci.,  33d  Meeting,  p.  421. 

— ^  excelsior  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  156,  pi.  26 ;  also  p.  221,  pL  26  a. 

Compare  Dolichooephala  Uicoana  ClayxK>Ie. 

lEquiatidts'i  vTrightianus  Dawson,  1881 ;  Qaart.  Jour.  Geol.  Soc.,  vol.  37,  p.  303, 

pi.  12,  fig.  10;  pi.  13,  fig.  20.  Portage. 
lEquistidesI  wrightlanuB  (Dawson)  Wright;  35th  Rept.  New  York  State  M us. 

Nat.  Hist.,  Expl.,  pi.  15,  note,  figs.  1,2. 
lEchinocaria'}  vTrightianus  Jones  and  Woodward,  1684 ;  Greol.  Mag.,  decade  3, 

vol.  1,  p.  3,  pi.  13,  figs.  1  a,  b. 
lEchtHoearia']  "wrightianuB  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Rept. 

Comm.  Fossil  Phyllopoda  Pal.  Rocks^  p.  35. 
?  lEohinocaria'i  wrightianus  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  160,  pj.  27, 

figs.  7-9. 
Strepula  Jones  and  Holl,  1886;  Annals  Mag.  Nat.  Hist.,  5th  series,  London,  vol.  17, 

p.  403. 
lunatifera  Ulrich,  1889;  Contribations  Micro-Palwont.,  pt.  2,  p.  56,  pi.  9,  figs. 

14,14  b.  Hudson. 
qoadrilirata  (Hall  and  Whitfield)  Ulrich,  1889;  Contributions  Micro-Pal8K>nt., 

pt.  2,  p.  54,  pi.  9,  fig.  12. 
For  other  references,  see  Beyrichia  quadrllirata. 
sigmoidalis  Jones,  1890;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  11,  pi.  2,  fig.  4. 

Hamilton. 
Tropidocaris  Beecher,  1884 ;  2d  Geol.  Survey  Pennsylvania,  vol.  PPP,  p.  15. 
alternata  Beecher,  1884;  2d  Geol.  Sun-^ey  Penn.,  vol.  PPP,  p.  19,  pi.  2,  figs.  7, 8. 

Chemung. 

alternata  Etheridge,  Woodward,  and  Jones,  1885;  3d  Rept.  Comm.  Fobs.  Phyllo- 

poda  Pal.  Rocks,  p.  35. 

alternata  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  186,  pi.  31,  figs.  14, 15. 

bicarlnata  Beecher,  1884 ;  2d  Geol.  Survey  Penn.,  vol.  PPP,  p.  16,  pi.  2,  tigs.  3-5. 

Chemung. 
—  bicarlnata  Etheridge,  Woodward,  and  Jones,  1885;  3d  Rept.  Cpmm.  Fobs.  Phyl* 
fopoda  fa),  X(ockS|  y,  35. 
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Tropidcxsaxis  bioaxlnata  Hall,  1888 ;  Pal.  New  York,  yoI.  7,  p.  184,  pi.  31,  figs.  7-12. 

intenrupta  Beecher,  1884;  3d  QeoL  Surrey  Penn.,  vol.  PPP,  p.  18,  pi.  2,  fig.  5. 

Chemung. 
intenrupta  Etheridge,  Woodward,  and  Jones,  1885;  3d  Bept.  Comm.  Foes. 

Phyllopoda  PaL  Hooks,  p.  35. 

intermpta  Hall,  1888.;  Pal.  New  York,  vol.  7,  p.  185,  pi.  31,  figs.  7-12. 

Tunilepaa  Woodward,  1865 ;  Quart.  Jour.  Geol.  Soc,  vol.  21,  p.  489. 

oanoeUatus  Hall,  1888;  PaL  New  York,  yol.  7,  p.  216,  pi.  36,  fig.  2. 

Comiferous. 
\Plumulitei1  devoniona  Clarke,  1882 ;  Am.  Jour.  ScL,  3d  series,  vol.  24,  p.  55, 

figs.  1,2.  Hamilton. 

devonlona  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  215,  pi.  36,  fig.  1. 

fiexaosna  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  215,  pi.  36,  fig.  1.     Comiferous. 

foliatua  Hall,  1888;  Pal.  New  York,  yoI.  7,  p.  218,  pi.  36,  fig.  15.  Hamilton. 

[PlumuUtetl  nawberryi  Whitfield,  1882 ;  Annals  New  York  Aoad.  Sci.,  vol.  2, 

p.  217.  Hamilton. 

newl>erx7l  Hall,  1888 ;  PaL  New  York,  vol.  7,  p.  219,  pi.  36,  figs.  16-19. 

nitidulua  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  218,  pi.  36,  fig.  4.        Hamilton. 

squama  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  217,  pi.  36,  figs.  5-8.     Hamilton. 

tener  Hall,  1888 ;  PaL  New  York,  voL  7,  p.  219,  pi.  36,  figs.  ^14.         Hamilton. 

Bull,  as 12 


UBRABT  CATALOGUE  SUPS. 

United  States.    D^mrtment  of  the  interior.    ( U,  8,  geoloffioal  eurvey). 
Department  of  the  interior   |  —  |    Bulletin  |  of  the  |  United 
States  I  geological  saryey  |  no.  64  |  [Seal  of  the  department]  | 
Washington  |  goyernment  printing  office  |  1890 

Second  Htle:  United  States  geological  sorvey  |  J.  W.  Powell^ 
director  |  —  |  A  report  of  work  done  |  in  the  |  division  of  chem- 
istry and  physics  |  mainly  during  the  |  fiscal  year  188&-'89  |  —  | 
F.  W.  Clarke,  chief  chemist  |  [Vignette]  i 

Washington  |  government  printing  office  |  1890 

99,    00pp. 


Clarke  (Frank  Wigglesworth). 

United  States  geological  survey  |  J.  W.  Powell,  director  |  —  | 
^  A  report  of  work  done  |  in  the  |  division  of  chemistry  and  physics  | 

§  mainly  during  the  |  fiscal  year  1888-'89  |  —  |  F.  W.  Clarke,  chief 

&  chemist  |  [Vignette]  | 

^  Washington  |  government  printing  office  1 1890 

^  so.   80  pp. 

[UNrrBD  Statis.     IhpartmerU  of  the  interior.    {U.  8,  geciogieal  eurveyh 
Bulletin  04]. 


United  States  geological  survey  |  J.  W.  Powell,  director  |  —  | 
-  A  report  of  work  done  |  in  the  |  division  of  chemistry  and  physics  | 

I  mainly  during  the  |  fiscal  year  1888-'89  |  —  |  F.  W.  Clarke,  chief 

^  chemist  |  [Vignette]  | 

Washington  |  government  printing  office  |  1890 

80.    80  pp. 

[TTkitid  Statrs.     Department  af  the  interior.     {XT.  8.  geotogieai  turvey). 
Balletin  81] 
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The  pablicatloiiBof  the  XTnited  States  Geological  Snirey  are  isaaed  in  aooordanoe  with  the  statute 
approved  March  3, 1879,  which  declares  that— 

"  Thepablicationsof  the  Geological  Survey  shall  consist  of  the  annual  report  of  operations,  geological 
and  economic  maps  illustrating  the  resources  and  classification  of  the  lands,  and  reports  upon  general 
and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Survey 
shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  bo  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other' 
wise  in  onllnary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  soientiflo  exchanges 
and  for  sale  at  the  price  of  publicatiou ;  and  all  literary  and  cartographic  materials  received  in  exchange 
•ball  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organization :  And  the 
money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  Unlt«d 
States." 

On  July  7, 1882,  the  following  Joint  resolution,  referring  to  all  Government  publications,  was  passed 
by  Congress: 

*  *«rhat  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
in  addition  to  the  number  in  each  case  stated,  the '  usual  number'  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receive  them." 

Except  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
no  copies  for  gratuitous  distribution. 

ANNUAL  BBPORTS. 

L  First  Annual  Report  of  the  United  States  Geological  Survey,  by  Clarence  King.  1880.  S^.  79  pp. 
1  map.— A  preliminary  report  describing  plan  of  organisation  and  publications. 

n.  Second  Annual  Report  of  the  United  States  Geological  Survey,  1880-'81,  by  J.  W.  Powell.  1882. 
9P.    Iv,  588  pp.    61  pi.    1  map. 

III.  Third  Annual  Report  of  the  United  SUtes  Geological  Survey,  1881-'82,  by  J.  W.  Powell.  1883. 
9P.    xviii,  664  pp.    67  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-83,  by  J.  W.  Powell.  1884. 
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PREFACE. 


The  present  bulletin  repreBents  work  finished  in  the  Division  of 
Chemistry  and  Physics  during  the  fiscal  year  1888-'89,  and  resembles 
in  general  design  and  purpose  its  predecessors,  Nos.  9,  27,  42,  55,  and 
60.  It  covers,  however,  only  a  part  of  the  work  actually  accomplished, 
for  some  investigations  are  not  yet  completed,  others  will  appear  in 
special  bulletins  now  in  course  of  preparation,  and  many  analyses  will 
be  published  in  forthcoming  reports  of  the  field  geologists. 

F.  W.  Olabkb, 

Chief  Chemist 
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WORK  DONE  IN  THE  DIVISION  OF  CHEMISTRY  AND 

PHYSICS  IN  1888-'89. 


A  THEORY  OP  THE  MICA  GROUP, 


By  p.  W.  Clarke. 


Ever  since  its  publication  in  1878,^  in  spite  of  a  few  dissentient 
voices,  Tsohermak's  theory  of  the  mica  group  has  been  generally  in 
TOgae.  Nevertheless,  upon  careful  inspection,  the  theory  seems  open 
to  serious  objections.  In  brief,  omitting  details  for  the  present, 
Tschermak  regards  the  micas  as  made  up  of  four  fundamental  mole- 
coles;  to  which  the  following  formulsa  are  assigned: 

1.  E'eAlsSieOw 

2.  Mgi.i8ioOa4. 

3»  HgSiioO^.         • 
4.  F24Siio08. 

TL'  stands  obviously  for  K,  Na,  Li,  or  H ;  Mg  is  equivalent  to  Fe'',  and 
aluminum  may  be  replaced  by  ferric  iron.  The  first  of  these  formulae 
represents  fairly  well  the  composition  of  normal  muscovite  and  para- 
gonite ;  the  only  objection  to  it  being  that,  as  used  by  Tschermak,  it  as- 
sumes the  double  atom  of  quadrivalent  aluminum.  '  Since  it  has  been 
proved  by  Nilson  and  Petterson,  Combes,  Quincke,  and  others,  that 
aluminum  is  truly  trivalent,  the  formula  should  become  B^sAUSisOis^ 
which,  as  I  have  shown  in  several  previous  papers,  may  be  regarded  as 
a  substitution  derivative  of  normal  aluminum  orthosilicate. 

The  second,  third,  and  fourth  of  Tschermak's  formulaB  represent 
hypothetical  compounds,  the  second  being  a  polymer  of  chrysolite,  to 
which,  in  nature,  some  varieties  of  talc  offer  the  nearest  approximation. 
The  third  and  fourth  formulsB  are  analogous  to  no  known  substances, 
and  are,  moreover,  improbable  chemically.  No  mica,  by  itself,  resembles 
in  composition  either  of  the  three.  One  formula,  then,  corresponds  to 
an  observed  mineral,  while  the  others  are  purely  speculative ;  a  state 
of  affairs  which  is  not  altogether  satisfactory.  Furthermore,  the  four 
formulae  represent  as  many  distinct  chemic^  types,  whereas  it  would 
seem  as  if  all  the  true  micas  should  be  reducible  to  one  general  form, 
under  which  their  isomorphism  would  be  more  readily  intelligible. 

^Ber.  Wien.  Akad.,  vol.  78,  p.  5.    Zeltsohr.  Eryst.,  vol.  3,  p.  122. 
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There  is  still  another  objection  to  Tschermak's  system  of  formulae, 
which,  if  snstajned  by  fature  investigation,  will  be  fatal.  Under  his 
theory  the  ratio  of  oxygen  to  silicon  in  the  micas  can  never  exceed  foar 
to  one;  while  the  published  analyses  of  micas  often  show  values  far 
higher,  ranging  in  some  cases  nearly  up  to  five.  In  certain  instances, 
as  Tschermak  himself  suggests,  this  excess  of  oxygen  over  the  ortho- 
silicate  ratio  may  be  due  to  water  inclosed  between  micaceous  laminse; 
and  in  other  cases  it  may  indicate  partial  alteration.  There  are  micas, 
however,  in  which  neither  of  these  explanations  appears  to  be  satisfac- 
tory, and  the  weight  of  evidence  goes  to  show  that  the  excess  of 
oxygen  is  essential.  If  this  be  true,  Tschermak's  theory  is  so  far  inade- 
quate, for  to  such  micas  it  can  not  apply  without  serious  modification. 
The  question  can  only  be  settled  experimentally,  but  at  present  the 
objection  raised  by  it  can  not  be  ignored.  Some  of  its  details  wiU  be 
considered  later. 

Now,  in  order  to  conclusively  replace  Tschermak's  theory  by  some- 
thing better,  two  fundamental  conditions  must  be  satisfied.  First,  all 
n^icas,  with  tbe  possible  exception  of  the  pseudomica,  margarite,  should 
be  reducible  to  one  general  type  of  formula,  which  shall  express  all 
known  relations  equally  well  with  the  formulsB  proposed  by  Tschermak. 
Secondly,  hypothetical  compounds  must  be  so  far  as  possible  avoided, 
and  admitted  into  consideration  only  when  their  assumption  can  be 
shown  to  be  absolutely  necessary.  The  chief  difficulties  to  be  over- 
come are  the  variations  in  the  silicon-oxygen  ratio,  and  the  presence  of 
fluorine  in  many  common  micas. 

In  a  number  of  papers  published  during  the  past  four  years,^  I  have 
sought  to  show  that  all  orthosilicates  containing  aluminum  may  be 
represented  as  substitution  derivatives  of  the  normal  salt  Al4(Si04)3. 
Muscovite  can  be  so  derived,  theoretically,  through  the  replacement  of 
one  aluminum  atom  by  B'3;  and  in  many  other  cases  we  have  equal 
simplicity  of  expression.  The  ferro-magnesian  micas,  the  phlogopites, 
and  the  lepidolites,  however,  are  less  simply  derived;  and  I  have  in 
certain  cases  suggested  a  linking  together  of  two  orthosilicate  nuclei 
to  the  group  Al2{Si04)5  in  order  to  account  for  their  formation.  I  am 
now  inclined  to  believe,  however,  that  all  the  true  micas  are  referable 
to  the  same  general  type,  and  have  discussed  nearly  one  hundred 
published  analyses  firom  that  point  of  view.  If  we  take  magnesium  as 
a  generic  representative  of  the  bivalent  metals,  and  give  univalent 
elements  or  groups  the  general  symbol  B,  we  can  imagine  the  following 
derivatives  of  Al4(Si04)3  as  easily  possible: 

1.  2.  3. 

8104  ERs  8i04ERa  Si04ERi 

Al-.8i04EAl  Al  — Si04ERa  Al  — Si04ER« 

Si04  =  Al  Si04i:Al  Si04-R3 


'  Am.  Jour.  Sci.;  Nov.,  1886,  and  Aug.,  1887.    Also,  Am.  Chem.  Jonr.,  vol.  10,  p.  120 
(March,  1888). 
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4.  5.  6. 

SiOi~UgR  Si04£MgR  Si04  =  MgR 

Al — Si04  E  Al  Al  —  Si04  -  MgR  Al  —  SiO*  ~  MgR 

\  \  ~  \ 

Si04EAl  Si04~Al  8104  =  MgR 

To  these  we  may  add,  as  No.  7,  the  compoand  Al2(Si04)6Mg9,  the  biv- 
alent analo^eof  No.  3,  and  identical  in  type  with  it.  Now,  so  long  as 
we  have  only  orthosilicate  micas  to  consider,  these  seven  formuIaB  cover 
ali  their  variations  in  composition ;  provided  that  fluorine,  when  pres- 
ent, is  represented  either  by  ~Mg— F  or  — Al^Fs,  univalent  groups 
which  are  included  under  the  general  symbol  JV.  Most  of  the  micas 
appear  as  intermediate  mixtures  of  these  presumably  isomorphous  types. 
No.  1  represents  muscovite  and  paragonite,  and  No.  6  agrees  tolerably 
with  some  phlogopites.  No.  2  may  be  resolved  into  a  mixture,  in  equal 
molecules,  of  No.  1  and  3 ;  and  similarly  No.  6  may  be  regarded  as  com- 
posed of  Nos.  4  and  6.  Nos.  5  and  6,  moreover,  may  be  simplified  into 
mistures  between  3  and  7,  so  th  at  numbers  1,  3, 4,  and  7  represent  all 
the  necessary  relations.    Even  No.  4  is  possibly  superfluous. 

So  much  for  the  normal  orthosilicate  micas.  But  in  the  lepidolites, 
phlogopites,  and  some  mnscovites,  the  oxygen  silicon  ratio  is  low ;  and 
ift-  tihe  lepidolites  especially  it  approximates  more  or  less  closely  to  the 
iiietasilicate  type.  This  order  of  variation  is  clearly  established,  while 
venations  in  the  opposite  direction,  that  is  toward  excess  of  oxygen, 
ois^y  be  questionable.  If,  however,  in  any  mica  the  oxygen  can  be 
pr^operly  in  excess  of  Si04,  that  excess  may  be  fairly  regarded  as  present 
in.  t;he  group  — A1=±=0,  which  is  obviously  equivalent  to  —  Al=P»,  and 
tsifees  place  with  the  latter  as  a  part  of  11^  Examples  of  this  kind  are 
gi^v-en  in  one  of  my  former  papers.^  In  all  such  cases  the  system  of 
fo:iniml£B  proposed  above  applies  perfectly,  and  needs  no  qualification. 
Ttke  variations  in  R'  always  fall  within  its  limits. 

^e  lower  values  for  the  silicon-oxygen  ratios  are  explicable  as  follows : 
The  polysilicic  acid  HfSiaOs,  which,  like  H48i04  is  tetrabasic,  is  repre- 
sented in  nature  by  orthoclase  and  albite.    In  anorthite  we  have  an 
orthosilicate,  and  its  mixture  with  albite  gives,  as  is  well  known  to  all 
™toeralogists,  the  intermediate  triclinic  feldspars  in  which  pseudometa- 
silicate  ratios  often  appear.    H4Si308-f  H49i04=H88i40,2=4e2Si03.    If 
^^  assume  a  similar  state  of  affairs  among  the  micas,  and  regard  ortho- 
sih'cates  and  polysilicates  as  isomorphously  miscible,  the  lepidolites 
^<l  other  low  oxygen  micas  are  completely  accounted  for.    We  have 
^beu.  the  same  system  of  general  formute  for  all  micas,  the  normal  salts 
^CSi04)3  and  Al4(8i308)3  being  the  theoretical  starting  points  for  deri- 
"^ation.    In  every  case  the  composition  of  a  mica  becomes  reducible  to 
^^  one  general  type,  under  the  proposed  theory  of  substitution.   Eepre- 
seating  the  groups  Si04  and  Si308  by  the  common  symbol  X,  the  micas 
att  tall  within  limits  indicated  by  the  formulae  Al3X3R'3,  and  AlXjRV 
"We  may  test  this  principle  and  the  preceding  formulse  by  application 
to  actual  examples,  taking  the  different  micas  group  by  group. 

>  Am.  Joar.  Sci.,  Ang.,  1887,  p.  131. 
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MUSCOVITE. 

This  mica,  the  most  typical  and  most  abundant  of  all,  is  also  the 
simplest  chemically.  It  is  best  represented  by  formula  No.  1,  which, 
in  its  special  application,  becomes  ordinarily  Al3(Si04)3ElH2,  with  some 
variation  in  the  ratio  of  K  to  H.  In  most  cases  muscovite  contains 
small  amounts  of  magnesia  and  ferrous  iron ;  and  if  these  are  deducted, 
as  shown  in  formula  No.  6,  the  residue  agrees  still  better  with  formula 
No.  1.  Fluorine  is  often  present  in  small  quantities,  and  ,  appears  to 
vary  in  relation  to  hydrogen,  being  the  lowest  when  the  latter  is  high, 
and  the  reverse.  Hence  it  is  probable  that  the  group  AlF^  replaces  H 
rather  than  K.  This  is  shown  more  clearly  among  the  lepidplites,  in 
which  fluorine  reaches  a  maximum,  whUe  the  proportion  of  water  is 
almost  insignificant. 

Some  muscovites,  however,  vary  from  the  normal  compound  in  that 
they  contain  more  silicon  and  less  oxygen ;  thus  approaching  somewhat 
to  lepidolite.  These  micas,  which  Tschermak  has  called  ^^phengites," 
are  represented  by  him  as  mixtures  of  Al^B'eSieOM  with  HsSIioOm  in  the 
ratio  of  three  to  one.  It  is  simpler,  howeveri  to  follow  out  the  analogy 
offered  by  the  feldspar  groups  and  to  assume  the  existence  in  muscovite 
of  the  isomorphous  compound  Al3(Si308)3KH3.  True,  this  compound 
has  not  been  found  by  itself  in  nature,  and  so  far  its  assumption  is 
objectionable.  But  the  compound  HgSiioO^  is  also  non-existent,  is 
different  in  type  from  ordinary  muscovite,  and  is  not  easily  conceivable 
as  a  definite  entity.  The  alternative  which  I  offer  for  it  is  therefore,  it 
seems  to  me,  more  philosophical  and  more  satisfactory ;  and  it  accounts 
completely  for  all  the  oxygen  variations  in  muscovite.  For  the  sake  of 
brevity,  however,  we  may  well  retain  the  name  of  phengite  in  our 
vocabulary,  and  may  speak  of  micas  containing  the  SiaOs  group  as 
more  or  less  pAen^^ic. 

In  order  to  show  the  method  of  discussion  which  I  have  employed, 
we  may  take  the  four  muscovite  analyses  considered  by  Tschermak.  A, 
muscovite  from  Bengal,  analyzed  by  Blau ;  B,  East  Indies,  by  Sipocz ; 
C,  Bothenkopf  in  the  Zillerthal,  by  Sipocz ;  D,  Soboth  in  Steiermark, 
by  Lobisch.    Of  these,  0  and  D  are  phengites. 


SiO,  . 
A1.0, 
FcO, 
FeO  . 
MgO. 
CaO. 
K,0  . 
NaaO 
Li,0. 
H^. 
P.... 


A. 

B. 

C. 

D. 

46.57 

45.71 

45.87 

48.76 

36.72 

36.67 

30.66 

20.91 

.95 

1.19 

5.70 

4.24 

1.28 

1.07 

1.69 

.41 

.38 

.71 

1.56 

2.63 

.21 

.46 

.28 

.33 

8.81 

9.22 

9.07 

6.83 

.62 

.79 

.54 

2.31 

.19 
5.05 

4.^ 

4.60 

4.60 

.16 

.12 

99.93 

100.67 

100.12 

100.08 

et^BKx.]  A  THEORY  OF  TH£  MICA  QBOUP.  13 

Kow,  compating  the  molecular  ratios  in  the  usual  way^  unitiog  ferric 
oxide  with  ^umiQa,  ferrous  iron  and  Ume  with  the  magnesia,  and  con- 
solidating  the  alkalies  under  the  general  symbol  B'aO,  we  have  the 
following  empirical  formnte  for  the  four  micas : 

A.  AlTasMgwR'ssoHsfioFeSiTdoOsoQ?. 

B.  AlTsaHgsgH'anHfiaQFQSiraOaoor. 

C.  AlfiTsMgeeR'aisHtisSiTesOggn* 

D.     A]«94Mg78H'3SoH519Si81s03iBl. 

Begarding  the  fluorine  as  AIF2,  and  uniting  it  and  the  H  with  Wy 
Uiese  formulsB  becomci  almost  exactly : 

A.      Al799Mg3oB'7H3(Si04)7»(S]sO«)3. 

B.  Aln9Mg»R'T8i(8i04)T68(Si,08)s. 

C.  Al«,8MgaR'794(Si04)6»(Si908)«. 

D.      Al6a4Mg,8R'7«(8i04)M2{8i308)67. 

Oombining  the  two  acid  groups  under  the  indiscriminate  symbol  X, 
we  have : 

A.       Al79oMg9oR'T8aX766« 

B.    AlmMgtoR'reiXTM. 
C<    AliireMgeeR'TgiXTsi* 

D,      Al«34Mg78R'79sX«99. 

These  are  equivalent  to  the  following  mixtures  of  the  isomorphous 
salts  represented  by  the  general  formuldB  6, 3,  and  l,  in  the  fundamental 
i^atem  above  cited : 

A.  10  AlXaMgsR's-H  AlX3R'9+23d  AlsX^R'a. 

B.  13  AlX3Mg3R's-f-239  AI3X3R". 

C.  22  AlX3Mg3R'3+218  AlaXaR's. 

D.  26  AlXsMgaR'a+T  AIX3R'9+200  AlgXaR'a. 

In  each  case  the  final  formula  vary  from  the  original  ratios  only  to 
an  extent  which  is  ascribable  to  the  minute  residual  errors  of  calcula- 
tion. The  new  expressions  conform  perfectly  to  the  evidence  of  analysis. 
Eight  other  muscovite  analyses,  similarly  discussed,  gave  strictly 
similar  and  equally  sharp  results. 

LEPIDOLITE. 

In  this  species,  the  most  phengitic  of  all  the  micas,  we  find  little 
water,  high  fluorine,  and  a  very  notable  proportion  of  lithia.  It  always 
occurs  with  muscovite,  and  commonly  implanted  upon  the  latter  in 
such  a  way  as  to  clearly  indicate  its  later  formation.  In  composition  it 
is  regarded  by  Tschermak  as  a  mixture  of  Al6E6Si6034  with  F24SiioOe, 
the  former  being  about  half  replaced  by  the  corresponding  Al6Li6S]6024, 
and  the  latter  in  part  by  HaSiioOai.  The  objections  to  this  interpreta- 
tion have  already  been  pointed  out. 

Under  the  new  mode  of  interpretation,  lepidolite  becomes  much 
simpler.  In  every  case,  if  we  eliminate  traces  of  magnesia  and  iron, 
as  was  done  under  muscovite,  the  residue  corresponds  sharply  to  a 
mixture  of  the  two  molecules  AlXgll's  witli  Al^X^U^^X  te^^x^'^^vvXlwi^g, 
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SisOg  and  Si04  indiscriminately.  In  the  purest  lepidolites  these  mole- 
cules are  in  the  ratio  1 : 1,  corresponding  to  AUXaB'e ;  but  in  general 
the  second  molecule  is  slightly  in  excess,  due  to  small  admixtures  of 
normal  muscovite.  In  the  discussion  of  fourteen  published  analyses 
of  lepidolite  the  ratio  SisOg:  Si04  varies  from  1 : 1  to  1 :  3 ;  and  the  sum 
of  Li+AlFa  appears  to  be  directly  related  to  the  proportion  of  SisOe. 
In  brief,  expanding  the  general  formulsB  given  above,  typical  lepidolite 
may  be  expressed  by  the  two  compounds  Al3(Si04)3KHLi  and 
Al(Si30e)3K3Li3(AlF2)3  in  equal  molecules.  All  the  variations  may  be 
accounted  for  by  admixtures  of  muscovite,  with  sometimes  a  trivial 
amount  of  the  magnesium  or  iron  salt,  ^o.  6,  as  an  impurity. 

For  purposes  of  illustration,  four  of  the  lepidolite  analyses  may  be 
considered  in  detail,  as  follows :  E,  from  Bozena,  b;^  Ber worth  ,^  F, 
Juschakova,  by  Bammelsberg;'  G,  Schiittenhofen,  by  Scharizer;'  fi, 
white  lepidolite  from  N^prway,  Maine,  by  Biggs.-* 


E. 

F. 

G. 

H. 

SiO. 

50.08 
27.80 

50.96 
22.20 

49.26 
25.26 

49.52 

2a  80 

.40 

A1.0« 

IW). 

MPnO*  -  -  - 

6.38 

MnO 

■  •  •  « 

.85 
.84 

.07 

.24 

.02 

.13 

12.63 

.13 

3.87 

1.72 

5.18 

FeO 

.05 

MitO 

^■*ft*'  .«••«•  ...... 

CaO 

K*0 

10.78 

11.39 

.32 

5.65 

8.68 

ia.85 

.35 

5.38 

1.76 

5.68 

Na^ 

Li.0 

5.88 
.96 

7.88 
.06 

H.0 

F 

P-0. 

SnOi 

.06 

.•••«••• 

TjAfla  0 

104.38 
3.32 

104.48 
3.61 

103.29 
2.38 

102.71 
2.18 

100.53 

101.06 

100.87 

100.91 

Disregarding  trivial  impurities,  and  computing  the  ratios  as  before, 
we  have  from  these  analyses  the  subjoined  empirical  expressions: 

E.  Al34TK230l<i392Hi06(A]Fi)907(Si3O8)l8l(SiO4)a06> 

F.    AlawKsfisLisreC  AlFs)3u(Si30g)2i3(  8104)219. 

G.     Al346R"84K280Li3MH,96(AlF«)i«(Si3O8)|«6(SiO4)s». 
H.     Al4MR''7K<273Li2MHi02(AlFs)l36(Si3O8)ui(8iO4)40a* 

Condensing,  these  become: 

E.    AUiTR'goeXisr. 

F.  Al38oR'864X4M* 

G.  Al345R''s4R'o63Xfi09* 
H.     Al434R''7R'858X544> 

1  See  Tschermak'B  paper,  1.  c. 

3  Wiedemann's  Annalen,  vol.  7,  p.  143. 


'  Zeitsclir.  Kryst.,  vol.  13,  p.  467. 
*  Am.  Jour.  Sci.,  Nov.  1886. 


> 
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Whence  we  get,  very  nearly: 

E.  70  AlX3R'fl-f-92  AlsXsR's 

F.  71  AlX3R'94-70  AlaXaR'j. 

G.  8  AlX3R''3R'34-75  AIXaR'g+S?  AlaXaR'a. 
H.     2  AlX3R"3R's4-52  AlX3R'9-f.l27  AljXaR's. 

Two  other  highly  fluoriferous  lithia  micas,  cry ophyl lite  and  zinn- 
waldite,  may  properly  be  considered  here.  For  the  former  we  have 
Biggs's  analysis,  and  for  the  latter,  analyses  by  Berwerth  and  Bammels- 
berg.  From  thene  analyses  we  get  the  following  empirical  formnlsa: 
1,  Biggs,  cryophyllite ;  2  and  3,  Berwerth  and  Kammelsberg,  zinn- 
waldite. 

1.  Ali86Fe^'g4K2MLi324H|46(AlF9)i7g(Si308)297(S{04)lR6. 

2.  Al33()Pe'']8(;IC2.36Li2I8H|ni(AlF4)2atf(Si308)l6t(Si04)3ls* 

3.    Al444Fe"i«rK2«Li2i4ff/i6(AlF,)aoo(Si308)i66(8i04)308. 

Condensing  these  formnlse  they  become : 

1.       A1lwFe94R'g(MX4|8. 

2.    AlnBFei88RS6aX463. 

3.  AJ944F6167R  TwaXafia. 

Expanding  again,  these  form  aide  give : 

1.  31  (AlXaFe"3R'3)+81(AlXjR'9)+25(Al3X3R'3). 

2.  62  "  4-49        "        4.43        *• 

3.  56  "  -1-53        "        4-45        " 

The  component  molecules  here  correspond  essentially  to  Nos.  6,  3, 
and  1  of  the  fundamental  series,  the  last  one  in  each  expression  being 
mnscovite.  Whether  the  separate  components  of  B'  and  X  can  be 
distributed  with  certainty  among  the  several  molecules  is  an  outstand- 
ing question;  but  not,  I  believe,  an  unanswerable  one. 

PHLOGOPITE. 

In  order  to  ascertain  the  composition  of  this  mica  I  have  discussed 
the  four  analyses  cited  by  Tschermak  (1.  c),  and  three  of  Bammels- 
berg's.^  All  of  these  are  fluoriferous,  and  all  but  one  are  phengitic,  the 
exception  in  the  latter  case  being  the  £dwards,  N.  Y.,  mineral,  which 
Tschc^rniak  regards  as  somewhat  altered.  I  have  also  considered  the 
new  phlogopite  from  Edwards,  recently  described  by  Penfield,^  which 
is  remarkable  as  being  free  from  fluorine. 

In  general,  phlogopite  agrees  closely  with  the  formula  AlXaMgsB'a, 
but  there  are  often  variations  which  are  not  easy  to  explain,  and  which 
are  greater  than  can  be  accounted  for  by  presumable  errors  of  analysis. 
They  may  be  due  in  part  to  impurities  arising  from  the  great  altera- 
bility  of  the  mineral;  but  I  am  inclined  to  tra-ce  the  difficulties  toother 
sources. 

1  Wiedemann's  Annalen,  vol.  9,  p.  129.  '^m.  jour.  Sci.  (3),  vol.  36,  p.  329. 
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In  order  to  satisfy  the  conditions  of  the  formnlsd  proposed  by  me,  it 
is  necessary  that  the  alaminnm  atoms,  apart  from  AIF3,  shall  be  in 
nnmber  at  least  one-third  of  X ;  bnt  in  several  phlogopites  the  alam- 
ina  is  too  low  to  falflll  this  requirement,  and  the  difflcnlty  is  best 
obviated  by  assuming  an  MgF  groap  in  place  of  AIF2.  In  Penfield's 
pblogopite,  however,  there  is  no  fluorine,  and  yet  the  alumina  is  con- 
siderably— about  two  per  cent — ^too  low.  If  we  suppose  in  his  mineral, 
which  came  from  a  talc  mine,  a  small  admixture  of  talc,  the  residue 
agrees  with  the  theoretical  formula,  X  beibg  wholly  Si04 ;  but  if  that 
impurity  is  absent  we  must  assume  that  the  mica  differs  from  ordinary 
phlogopite  by, containing  the  group  —  Mg  —  OH  instead  of  the  usual 
MgF.  The  composition  of  the  mineral  then  reduces  to  the  uniform 
t^pe.  I  am  now  disposed  to  believe  that  phlogopite  differs  firom  the 
other  micas  in  that  it  contains  these  special  groups  MgF  and  .MgOH, 
both  as  part  of  W ;  but  the  supposition  is  not  yet  fully  justified*  It  is« 
however,  I  think,  susceptible  of  experimental  investigation,  and  a  lab- 
oratory Research  upon  the  problem  is  now  being  carried  out  under  my 
direction.  Apart  from  that,  the  supposition  is  strengthened  by  the 
composition  of  certain  vermiculites,  some  of  which  hf^ve  certainly  been 
formed  by  the  alteration  of  ph  logopite.  Three  of  these  interesting 
minerals  are  represented  fairly  well  by  the  subjoined  formulae,  in  which 
ferric  iron,  present  in  small  quantities,  has  been  reckoned  with  the 
Alumina. 


Si04  E (MgOH)3  Si04  E  >  SiO*  E  MgH 

Al-8i04=Al  Al— Si04ES  Al— Si04==MgH 

\  \  \         "■ 

Si04  E  Al  8i04  E  Al  6i04  -  Al . 


+3HaO.  4-3HaO.  +3H3O. 

Dadleyite.  CnlBageeite.  Jefli»ri8ite. 

It  is  by  no  means  certain  that  the  vermiculites  are  so  simple  in  compo- 
sition or  so  definite  as  these  symbols  would  seem  to  indicate ;  bnt  the 
formulae  are  decidedly  suggestive,  and  they  show  how  clearly  the 
relations  between  the  micas  and  their  derivatives  may  be  expressed. 

THE  FERRO-MAGNESIAN  MICAS. 

This  group  of  micas,  which  includes  biotite,  lepidomelane,  annite, 
haughtonite,  siderophyllite,  and  other  supposed  species,  is  apparently 
quite  complex.  In  place  of  magnesia,  ferrous  iron  is  often  predominant ; 
in  the  lepidomelanes,  ferric  iron  replaces  aluminum,  and  in  forty-four 
out  of  the  fifty-six  analyses  discussed,  the  oxygen  was  in  excess  of 
Si04.  Only  seven  of  these  micas  appeared  to  be  phengitic ;  and  only 
sixteen  of  the  analyses  reported  fluorine  in  small  quantities.  In  six 
instances  AlO  and  AIF2,  were  both  absent. 

For  thirty-four  of  the  micas  in  this  group,  formula)  could  be  easily 
computed  upon  the  lines  already  followed  ^  that  is,  in  each  case  the 
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composition  was  represented  by  a  mixture  of  AlXsB^'sB'a  with  AlXsB'g 
and  AlsXsB'a,  the  second  or  third  of  these  molecnles  being  occasionally 
absent.  Among  the  lepidomelanes  there  was  an  approximation  to  a 
distinctively  m  nscovitic  type ;  and  in  two  cases  formula  No.  4,  AlaXsE'^E, 
seemed  to  apply.  With  each  mica  an  attempt  was  made  to  determine 
the  proportions  of  the  several  admixed  molecules ;  but  the  results, 
although  numerically  conformable  to  the  general  theory^  .were  not  abso- 
lutely conclusive.  The  chief  difficulty  lay  in  the  uncertainty  attaching 
to  the  water  determinations,  upon  which  the  question  of  oxygen  excesses 
depends.  Since  water  has  a  low  molecular  weight,  a  small  error  in  its 
estimation  becomes  relatively  large  in  the  molecular  ratios,  and  two 
sorts  of  errors  are  presumable :  First,  an  excess  of  water  may  be 
inclosed  mechanically  in  the  material  analyzed,  and  secondly,  a  deter- 
mination by  simple  ignition  is  likely  to  be  too  low  because  of  the  oxida- 
tion of  ferrous  iron.  If  these  errors  occur  together,  they  obviously 
tend  to  compensate  each  other ;  but  either  one  alone  seriously  affects 
the  co-efficient  of  B',  and  appears  in  the  ratio  between  AlaXsB's  and 

AIX3BV 

In  twenty-two  of  the  fiffcy-six  analyses,  however,  the  symbol 
AlXsB'^aB^a  failed  to  account  for  all  the  bivalent  metals,  iron  and  mag- 
nesium. In  these  cases  B"  was  in  excess  of  B^,  and  it  became  necessary 
to  make  use  of  formula  No.  7,  Al2(Si04)6B''9..  With  the  aid  of  this 
expression  all  the  ferro-magnesian  micas,  without  a  positive  exception, 
including  the  phlogopites,  were  resolvable  into  mixtures  of  AlsXsB's, 
AlXsB's,  and  AUXaB'^g.  IJpoD  this  basis  formula  No.  6  becomes  useless, 
for  AlXa&fgaB^a  is  evidently  equivalent  to  a  mixture^  in  equal  molecules, 
of  A1X3B'9  and  AUX^Mgs.  All  micas,  th  en,  so  far  as  the  analyses  are 
authentic,  may  be  represented  as  mixtures  of  the  molecules  1, 3,  and 
7,  these  being  symbols  of  one  and  the  same  general  type.  The  magne- 
sium (or  ferrous)  salt  thus  assumed,  moreover,  is  not  absolutely  hypo- 
thetical; for,  with  six  molecules  of  water  of  crystallization  added,  it 
approximates  to  certain  individuals  of  the  chlorite  group.  Some  exam- 
ples of  penninite,  for  instance,  approach  rather  closely  to  the  composi- 
tion Al3(Si04}6Mg9  .  GHaO,  which  requires  38.71  of  silica,  10.97  alumina, 
38.71  magnesia,  and  11.61  water.  We  have  thus  a  clue  to  the  constitu- 
tion of  the  chlorites,  by  means  of  which  they  may  be  brought  into 
simple  relation  with  the  micas.  This  problem  is  now  under  investigation, 
and  I  can  only  state  as  a  probability  that  most  of  the  chlorites,  if  not 
all,  may  be  represented  as  mixtures  of  three  fundamental  molecules, 
AlaXeB^s,  eH^O;  AlX^B^aHs,  3H3O,  and  Al3X3(MgOH)6.  I  hope  to 
speak  more  positively  upon  this  subject  before  loDg;  at  present  I  need 
only  point  out  that  two  of  these  molecules  are  simple  hydrates  of  Nos. 
6  and  7^  while  the  third  is  covered  by  the  general  symbol  No.  3,  in  which 
W9  becomes  (MgOH)6.  The  easy  alterability  of  garnet,  Al3(Si04)3B''3 
into  mica  and  chlorite,  is  a  suggestive  bit  of  evidence  bearing  upon 
these  expressions. 
Boll. 
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Whether  this  species  is  to  be  considered  as  a  true  mica  or  not,  is 
perhaps  an  open  question.    Its  composition  is  relatively  simple,  and  is 
^  represented  by  the  empirical  formula  HsOaAUSigOis.    Stractarally,  this 
may  be  written  in  two  distinct  ways,  as  follows : 

OH  8i04E(A10),H. 

Al  —  SiOi  E  CaH       or       Ca 

Si04E(A10)i  8iO4E(A10),H. 

The  first  of  these  symbols  derives  the  oomponnd  from  the  normal 
alaminum  salt,  and  indicates  a  similarity  of  type  with  the  micas  proper. 
The  second  assumes  a  normal  calcium  salt  as  the  point  of  derivation; 
and  I  am  anable  as  yet  to  assign  a  distinct  preference  to  either  ex- 
pression. A  careful  study  of  the  genesis  and  associations  of  margarite 
may  determine  which  of  the  two  formnlse  is  the  better.  Possibly  the 
occurrence  of  the  mineral  in  such  mixtures  as  euphyllite,  and  the 
probable  existence  of  a  similar  barium  salt  in  oellacherite  points  to  the 
first  of  the  two  formute  as  the  better.  The  common  occurrence  of 
margarite  with  diaspore  also  points  in  the  same  direction.  Ooruiidophi-. 
lite*,  which  occurs  associated  with  both  margarite  and  diaspore,  also 
reduces  to  a  type  resembling  the  first  margarite  formula. 

THB  OLINTONITE  GROUP. 

These  minerals,  the  so-called  ^<  brittle  micas,"  have  also  been  discussed 
by  Tschermak,^  who  includes  under  this  heading  seybertite,  brandisite, 
xanthophyllite,  chloritoid,  masonite,  ottrelite,  sismondine,  and  sapphir- 
inc.  Physically,  they  are  closely  related  to  the  micas  proper,  and  to 
margarite  in  particular ;  but  chemically  they  are  much  more  basic.  The 
first  three  species  Tschermak  regards  as  mixtures  of  the  hypothetical 
compounds  H20aMg4Si30i2  and  HsCaMg AleOu ;  to  chloritoid  he  assigns 
the  composition  UsSisFe'^sOT,  ><  H2AI4O7,  and  sapphirine  he  represents 
by  the  formula  SijMgaOe+AUMgjOn.  * 

Using  the  analyses  cited  by  Tschermak,  I  find  that  all  these  minerals, 

with  the  possible  exception  of  sapphinne,  may  be  represented  by  the 

general  expression 

O 

/    >B" 
Al-0 

\ 
8i04EB'i, 

which  is  clearly  and  directly  related  to  the  formnlad  already  assigned 
to  the  micas  and  to  margarite,  and  in  which  the  mode  of  union  of  B" 
with  Al,  when  B'/=\Ig,  suggests  the  common  association  of  mem- 
bers of  this  group  with  spinel.    In  seybertite  we  have  a  mixture  of 

>  Zeit6ohr.  Eryst,  vol.  3,  p.  496. 
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A10,B"8i04(MgOH)3  with  A102R''Si04{  A10)3,  E^'  being  partly  Oa  and 
partly  Mg.  In  brandisite  we  have  a  similar  constitution,  with  about  one- 
fourth  of  B"  replaced  by  H^.  In  chloritoid,  E''=Fe  and  E'3=H2(A10) ; 
and  sismondine  is  similar,  with  E'3  possibly  replaced  in  part  by  aI.  The 
compound  AlOaMgSiD4(A10)3,  found  in  seybertitey  is  a  rough  approxi- 
mation to  sapphirine,  which  mineral  possibly  has  this  composition  plus 
some  impurities  as  yet  unidentified.  A  wider  range  ot  analyses  is 
needed  in  order  to  establish  these  formulaa  completely;  but  they  seem 
to  have  distinct  advantages  over  the  formulse  proposed  by  Tschermak. 

CONCLUSIONS. 

All  the  micas,  vermioolites,  ohlorites,  margarite^  and  the  clintonite 
group  may  be  simply  represented  as  isomorphous  mixtttres,  every  con- 
Btitn^nt  being  a  substitution  derivative  of  normal  aluminum  polysilicate 
or  orthosilioate.  To  the  latter  compound  a  structure  may  be  assigned 
somewhat  difforent  in  form  from  the  one  I  have  chosen,  without  affect- 
ing in  any  notable  way  the  general  system  adopted.  Upon  this  basis 
all  the  minerals  named  are  reducible  to  the  same  general  type,  which 
accounts  for  observed  isomorphisms,  and  for  the  relations  ot  the  micas 
to  other  species,  with  fewer  assumptions  of  hypothetical  compounds 
than  are  necessary  under  other  known  schemes  of  interpretation.  In 
most  cases  the  evidence  is  clear,  direct,  and  conclusive;  in  other  cases, 
few  in  number,  it  is  at  present  somewhat  obscure.  It  may  be  claimed, 
without  extravagance,  that  the  formnlse  have  the  merit  of  suggestive- 
ness,  and  that  they  form  a  scientiAc  basis  for  future  research. 


A  PLATINIPEROUS  NICKEL  ORE  FROM  CANADA 


By  p.  W.  Olabke  ato)  Charles  Oatlbtt. 


Daring  the  autamn  of  1888  we  received,  throagh  two  difiPerent  chan- 
nels,  samples  of  nickel  ores  taken  from  the  mines  of  the  Canadian 
Copper  Company  at  Sadbnry,  Ontario.  From  one  source  we  obtained 
two  masses  of  salphides,  to  be  examined  for  nickel  and  copper;  from 
the  other  scarce  came  similar  salphides,  together  with  a  series  of  soil 
and  gravel-like  material,  seven  samples  in  all.  In  the  latter  case  an 
examination  for  platinam  was  requested,  and  in  live  of  the  samples  it 
was  found,  the  gravel  above  mentioned  yielding  74:.85  ounces  of  metals 
of  the  platinum  group  to  the  ton  of  2,000  pounds.  At  the  outset  of 
the  investigation  we  were  decidedly  incredulous  as  to  the  existence  of 
platinum  in  such  ores ;  but  the  discovery  of  sperrylite  by  Mr.  Wells 
in  material  from  the  same  mines  gave  our  work  a  wholesome  stimolus, 
and  the  assays  were  carefully  cazried  through. 

The  sulphide  ores  submitted  to  us  from  Sudbury  were  all  of  similar 
character.  They  consisted  of  mixed  masses,  in  which  a  gray  readily 
tarnishing  substance  was  predominant,  with  some  chalcopyrite,  possibly 
some  pyrite,  and  a  very  little  quartz.  Two  samples  were  examined  in 
mass ;  one  gave  31.41  per  cent  of  nickel  with  a  little  copper,  the  other 
gave  35.39  per  cent  of  nickel  and  5.20  of  copper.  The  nickel  mineral 
itself  proved  to  be  a  suphide  of  nickel  and  iron,  and  as  ores  of  that 
composition  are  not  common,  it  was  thought  desirable  to  examine  the 
substance  further. 

As  above  stated,  the  nickel  mineral  is  the  predominating  constituent 
of  the  masses  submitted  for  examination.  It  is  steel  gray,  massive,  and 
exceedingly  alterable  in  the  air,  and  its  specific  gravity,  determined  by 
pycnometer,  is  4.541.  An  analysis  of  carefully  selected  material  gave 
the  following  results : 

Ni 41.96 

•     Fe 15.57 

SiOa 1.02 

Ca 62 

S 40.80 

99.97 

Neither  cobalt  nor  arsenic  could  be  detected. 

The  foregoing  figures  work  out  sharply  into  the  ratio  B :  S : :  4 : 5 ;  and 
approximately  into  the  formula  NiaFeSft.    If  we  deduct  silica,  together 
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with  the  copper  reckoned  as  admixed  chsdcopyrite,  and  recalculate  the 
remainder  of  the  analysis  to  100  per  cent^  we  have  the  following  figures : 


F© 

8. 


43.18 
15.47 
41.35 


100.00    • 


Calc.  as 
Ni,FeSs. 


44.6 
14.4 
41.0 


100.0 


In  short,  the  mineral  has  the  com  position  Ni^d^,  with  ofrotif  one-fourth 
of  the  nickel  replaced  by  iron.  The  only  known  species  with  which  this 
agrees  is  Laspeyres's  polydymite,  of  which  the  Sudbury  mineral  is  evi- 
dently a  ferriferous  variety.  What  relations  it  may  bear  toward  bey- 
richite,  pyrrhotite,  etc.,  is  as  yet  a  matter  of  considerable  uncertainty. 
Probably  in  most  cases  the  nickeliferous  constituent  of  pyrrhotite  is 
miUerite,  but  other  sulphides,  like  the  polydymite,  may  perhaps  occur 
also. 

The  polydymite  which  was  selected  for  the  above  analysis  came  from 
the  mass  in  which,  in  average,  35.39  Ni  and  5.20  Ou  had  previously  been 
found.  The  mass  weighed  several  kilograms,  and  was  remarkably  free 
ttom  quartz.  The  same  mass,  with  two  smaller  pieces  resembling  it, 
were  also  examined  for  platinum,  by  the  following  method :  One  assay 
ton  of  the  finely  ground  ore  was  treated  with  nitric  acid  until  all  or 
practically  all  of  the  sulphides  had  been  dissolved.  The  dried  residue 
was  then  assayed  in  the  usual  manner :  except  that,  to  facilitate  cu- 
pellation,  a  little  pure  silver  was  introduced  into  the  lead  button.  From 
the  final  bead  the  silver  was  dissolved  out  by  sulphuric  acid,  leaving 
the  platinum  in  a  finely  divided  gray  powder.  The  latter  dissolved 
easily  in  aqua  regia,  and  gave  all  the  reactions  needful  to  identify  it 
thoroughly.  The  results  were  as  follows,  ^^A"  representing  the  large 
mass  in  which  the  polydymite  was  determined : 

Per  6ent 

Af  2.55  ounces  Pt  to  the  ton,  or 0.0087 

By  1.8  ounces  Pt  to  the  ton,  or 0060 

C,  7  ounces  Pt  to  the  ton,  or 0240 

That  the  metal  weighed  was  nearly  all  platinum  is  certain ',  but  it 
may  have  contained  small  amounts  of  other  metals  of  the  same  group. 
The  material  separated  was  not  sufficient  to  warrant  a  search  for  the 
rarer  associates  of  platinum.  Probably  the  platinum  exists  in  the  ore 
as  sperrylite,  although  this  point  was  not  proved.  The  amount  of  plati- 
numinthe  mass  most  thoroughly  examined  would  require,  to  form 
sperrylite,  only  about  0.007  per  cent  of  arsenic,  which  is  too  small  a 
quantity  for  detection  by  ordinary  analysis.  That  platinum  should 
exist  in  appreciable  quantities  in  an  ore  of  such  character  is  something 
quite  extraordinary.  Whether  it  could  be  profitably  extracted  is  an 
open  question. 


A  NEW  OCCURRENCE  OF  QYROLITE. 


By  F.  W.  Olabke. 


In  the  aatamn  of  1888,  during  a  visit  to  the  New  Almaden  Quick- 
silver  Mine  in  Galifornia,  Dr.  D.  T.  Day,  of  the  17.  S.  Geological  Survey, 
was  shown  specimens  of  a  mineral  which  was  locally  supposed  to  be 
white  flaor-spar.  It  occurred  in  well-developed  crystals  lining  crevice 
veins  in  the  mine,  and  was  easily  recognizable  as  apophyllite.  Dr. 
Day  secured  a  good  series  of  the  specimens,  and  finally  tarned  them 
over  to  me  for  examination.  The  largest  crystals  were  abont  two 
centimeters  in  diameter,  and  fairly  transparent,  and  grew  out  of  crys- 
talline masses  of  considerable  thickness,  the  exposed  definite  faces 
nearly  meeting  at  the  center  of  the  seam  or  vein.  All  of  the  specimens 
were  saturated  with  bituminous  matter,  but  except  for  that  staining 
they  were  quite  colorless. 

In  several  of  the  specimens  received  the  wall  of  the  seam  was  dis. 
tinctly  shown,  and  between  it  and  the  crystalline  apophyllite  there  was 
a  fibrous  layer  fh>m  one  to  three  centimeters  in  thickness.  That  layer 
was  also  colorless,  except  for  bituminous  staining,  and  on  account  of  its 
relations  to  the  apophyllite  it  appeared  to  deserve  investigation.  A 
sufficient  quantity  of  the  material  having  been  selected,  it  was  digested 
for  about  twenty-four  hours  with  ether  in  order  to  cleanse  it  from  bitu- 
men, and  then  analyzed.  I  give  the  result  in  comparison  with  How's 
figures  for  a  Nova  Scotia  gyrolite : 


Clarke. 

How. 

H«0 

14.60 
52.64 

1      0.71 

20.07 

15,05 

5L00 

1.27 

20.05 
0.08 
1.60 

8iO« 

AUG. 

Fe*Oa 

CaO 

MffO 

K-O 

1.56 
0.27 
0.65 

Na,0 

F 

Lett  0 

100.30 
0.27 

00.85 

100.03 
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It  will  at  once  be  seen  that  the  two  analyses,  except  for  the  small 
amoant  of  flaorine,  coincide  quite  sharply,  and  establish  the  New  Alma- 
den  mineral  as  gyrolite.  The  Nova  Scotian  gyrolite  is  also  associated 
with  apophyllite,  from  which  species  How  supposed  it  to  be  derived.^ 
In  the  present  instance,  however,  the  relative  position  of  the  two  min- 
erals in  the  vein  snggests  that  the  gyrolite  is  the  older ;  and  that  the 
apophyllite  may  have  been  formed  from  it  by  a  partial  solution  and 
redeposition  of  its  material  through  the  agency  of  waters  containing 
alkaline  fluorides.  The  gyrolite  is  obviously  not  absolutely  pure,  but 
it  agrees  approximately  with  the  formula  CasSiaOg .  SH^O.  Its  chemi- 
cal structure  and  relations  to  apophyllite  are  not  altogether  dear. 
— ^—       ■■■■.I.I.  II  I ■        .. -I .  I      , — .     -  ■  ■  ■      I .^— ip^^— ^^—  -  I 

1  Am.  Jour.  Sci,  (2),  yoL  32,  p.  13, 


ANALYSES  OP  THREE  DESCLOIZITES  PROM  NEW  IX)CALIT1ES. 


By  W.  F.  Hillbbband. 


1.  MAYFLOWER  MINE,  BALD  MOUNTAIN  MINING  DISTRICT,  BEAVER- 
HEAD COUNTY,  MONT. 

Throagh  Messrs.  W.  H.  Beck  and  George  E.  Lemon,  of  Wasbingtony 
D.  O.y  was  received  about  a  year  ago  for  examination  a  large  lump  of 
friable,  nncrystallized  material,  having  a  doll  yellow  to  pale  orange 
color,  and  consisting  chiefly  of  a  vanadate,  bat  carrying  a  large  per- 
centage of  gangue.  Two  samples,  as  pure  as  coold  be  selected  from 
different  parts  of  the  lamp  were  analyzed  with  the  following  results : 


PbO.. 
CaO.. 
FeO  .. 
ZnO  .. 
V,0,.. 
AnjOg. 
P,0,.. 
HiO.. 
SiOt.. 
CaO.. 
MgO.. 


I. 

II. 

Mean. 

50.02 

55.84 

55.93 

1.16 

1.18 

1.15 

0.70 

0.70 

0.70 

IS.  98 

16.01 

15.94 

20.80 

20.80 
0.82 

0.32 

0.27 

0.27 

4.87 

4. 86 

4.37 

0.20 

0.16 

0.18 

0.10 

0.10 

0.06 

0.06 

09.82 

Molecular  ratios. 


.2508 

.0145, 
^^4718     4.02 

.1968 

.11401 

.00141.1178     1.00 

.ooioj 

.2428    2.07 


From  1 27.62  per  cent  of  gangne  insolnble  in  cold  dilate  nitric  acid 
has  been  deducted,  and  firom  II  22.20  per  cent ;  manganese  was  pres- 
ent in  the  gangue  in  small  quantity,  apparently  as  pyrolnsite,  but  it 
was  not  dissolved  by  the  acid.  The  insoluble  portion  was  found  also 
to  retain  very  small  quantities  of  lead  and  zinc,  which  were  estimated 
and  included  in  the  analysis  as  probably  belonging  to  the  vanadate. 
The  water  had  to  be  estimated  indirectly  by  deducting  firom  the  total 
amount  of  water  afforded  by  the  dried  mixture  of  vanadate  and  gangue 
that  belonged  to  the  latter  alone,  which  was  found  as  follows :  The 
mixture,  dried  at  100^  0.,  was  dissolved  in  cold  dilute  nitric  acid,  and 
the  insoluble  matter  collected  in  a  Oooch  crucible  was  dried  at  the  same 
temperature  and  then  ignited.    The  loss  on  ignition  gave  the  water  in 

S4 
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the  gangae,  there  being  no  ferrous  iron  in  the  latter  to  influence  the 
resnlt.  The  traces  of  SiOa,  CaO,  and  MgO  may  be  neglected  as  proba- 
bly derived  from  the  gangue.  The  water,  it  will  be  noticed,  is  double 
that  required  by  desdoizite,  B2(0£I)Y04,  but  in  view  of  the  liability  to 
error  inherent  in  the  method  of  water  estimation  employed,  this  is  not 
deemed  sufficient  cause  for  separating  the  mineral  from  desdoizite, 
although  the  close  agreement  of  the  two  water  determinations,  made 
as  they  were  on  samples  containing  different  proportions  of  gangue, 
would  indicate  the  correctness  of  the  formula  2[B2(OH)Y04]+H20. 

Other  specimens  have  since  been  received  from  the  above-named 
persons  in  which  the  earthy  vanadate  was  associated  sometimes  with 
compact  cerussite  and  galena  in  process  of  alteration.  A  dull  reddish 
substance  which  constituted  a  part  or  even  the  whole  of  some  lumps 
contained,  besides  silica,  iron  and  some  antimony  in  an  oxidized  condi- 
tion, but  carried  little  or  no  vanadium.  ' 

Prof.  P.  A.  Genth  has  already  called  attention*  to  the  occurrence  of 
vanadinite  and  probably  of  desdoizite  in  the  Bald  Mountain  mine, 
Beaverhead  County,  Mont.  His  specimens,  however,  showed  the  sup- 
posed desdoizite  as  a  pale  brownisii  crystalline  coating  on  yellow 
ferruginous  qtiartz,  whereas  the  present  mineral  shows  no  evidence  of 
crystalline  structure. 

2.  COMMERCIAL  MINE,  GEORGETOWN,  GRANT  COUNTY,  N.  MEX. 

This  is  one  of  the  most  interesting  occurrences  of  desdoizite  known, 
because  of  the  extreme  brilliancy  of  coloring  of  the  mineral.  The  ore 
bodies  in  the  Commercial  mine,  as  well  as  in  the  adjoining  MacGregor  . 
and  fTaiad  Queen  mines,  occur  in  limestone  immediately  under  an  over- 
lying slate,  and  appear  to  narrow  in  depth  where  certain  eruptive  dikes 
cut  through  the  lime,  as  Mr.  Macintosh,  foreman  of  the  Commercial 
mine,  informed  me.  The  absence  of  the  superintendents  of  the  several 
mines  and  the  very  brief  visit  I  was  forced  to  make  prevented  obtain- 
ing more  certain*  and  detailed  information. 

In  places  where  the  rock  is  most  fractured  and  crushed  the  desdoi- 
zite appears  in  greatest  quantity  and  finest  condition  as  an  incrusta- 
tion on  quartz,  often  covering  large  surfaces,  and  in  color  varying  from 
yellow  through  all  shades  of  orange-red  to  deep  reddish  brown,  the 
last-named  colors  predominating.  The  black  color  so  frequent  in 
desdoizite  fiK)m  Lake  Valley,  K  Mex.,  caused  by  a  superficial  coat- 
ing or  admixture  of  pyrolusite,  is,  so  far  as  my  observation  extended, 
wanting,  hence  specimens  from  Georgetown  are  likely  to  be  much 
sought  after  for  their  showy  appearance.  A  specimen  in  one  of  the 
banks  at  Silver  City,  K.  Mex.,  taken  from  one  of  the  Georgetown 
mines,  resembled  a  stalactite  in  form.  It  was  probably  fully  three  feet 
in  height  by  six  to  eight  inches  or  more  in  diameter,  and  was  deep 
reddish  brown  in  color. 

>  Proc.  Am.  Phil.  Soc,  1887,  vol.  24,  p.  38. 
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The  incrustatioDfi  are  for  the  greater  part  distinctly  crystalline  and 
are  generally  made  up  of  aggregates  of  more  or  less  globular  forms  of 
a  size  raiiging  from  microscopic  to  a  diameter  of  one  or  two  millimeters. 
Each  of  these  is  composed  of  a  great  number  of  apparently  flat  crystals, 
intergrown,  and  projecting  sufficiently  from  the  surface  to  give  brilliant 
reflections  when  observed  under  the  lens,  and  to  the  naked  eye  a  frosted 
appearance  where  the  globular  growths  are  largest.  The  richest  reddish 
brown  color  is  always  coincident  with  this  development  in  size.  The 
globular  charactei^  changes  frequently  to  aciculasi  In  such  cases  the 
incrustation  seems  to  have  originally  formed  on  bunches  of  radiating 
acicnlar,  almost  colorless,  vanadiuite,  which  frequently  appears  thus 
coating  the  quartz  and  running  under'  the  descloizite  incrustations. 
Sometimes  the  vanadinite  has  entirely  disappeared,  and  then  there  may 
be  a  hollow  through  the  center  Of  the  descloizite  needle. 

The  occurrence  of  vanadate  of  lead  in  the  MacGregor  mine  at 
Georgetown  has  been  noticed  by  Professor  Genth  ( 1.  c,  p.  38).  The  specific 
gravity  of  the  mineral  was  not  determined ;  the  hardness  is  about  3.5 ; 
the  color  of  the  powder  is  orange-yellow.  An  analysis  gave  the  follow- 
ing results  after  deducting  11.91  per  cent  of  insoluble  matter,  almost 
entirely  quartz: 


PbO 

CnO 

FeO 

ZnO  ..... 

V.0, 

AstOa.... 

PfO, 

H,0 

CI 

SiO, 

CaO 

MgO 


Moleoular  ratios. 


5e.01 
1.05 
0.07 
17.73 
20.44 
0.94 
0.26 
2.45 
0.04 
1.01 
0.04 
0.03 


100.07 


S.4843  .4788  4.12 


.  2512 

.0132 

.0010 

.2180^ 

.1110 

.  0041  L  1178  .1162  1.00 

.0018. 

.1361  1361  L17 

.0011 


The  third  column  of  molecular  ratios  gives  those  values  after  allow- 
ing for  admixed  vanadinite  calculated  on  the  basis  of  the  chlorine 
found.  A  further  correction  has  probably  to  be  made  for  an  admixed 
soluble  hydrous  (zinc  f )  silicate,  which  might  make  the  ratio  approxi- 
mate more  closely  to  4 : 1 : 1. 


3.  LUCKY  cuss  MINE,  TOMBSTONE,  COCHISE  COUNTY,  ARIZ. 

Mr.  W.  F.  Staunton,  superintendent  of  the  Tombstone  Mining  and 
Milling  Company,  and  Mr.  Frank  G.  Earle,  assay er  at  Tombstone, 
kindly  placed  at  my  disposal  for  examination  specimens  of  a  vanadium 
mineral  the  identity  of  which  had  not  been  established.    It  was  found 
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in  the  Lucky  Cuss  mine  aa  an  incrastation,  sometimes  half  an  inch 
thick,  on  quartz,  showing  more  or  less  botrjoidal  surfaces  of  au  inde- 
finable dull  greenish  color.  On  a  fractured  surface  th^  color  is  brown ; 
the  luster  is  resinous;  the  structure  granular,  only  occasionally  diverg- 
ing fibrous ;  the  hardness  3.5 ;  the  specific  gravity  of  sample  analyzed 
containing  a  little  impurity,  5.88  at  19^  C;  color  of  powder  lemon- 
yellow.  Analysis  gave  the  following  results  after  deducting  0.67  per 
cent  of  insoluble  matter : 


1 
57.00 

Molecolftr  ratios. 

PbO. 

.2556% 

.  1412 

^.4485    .4385    3.93 

CaO 

FeO 

11.21 
Trace. 

ZnO 

4.19 

.  0517 » 

v,o. 

19.79 

.10«4| 

A8,0» 

1.10 

.0048^.1145    .1115    1.00 

P«0j 

0.10 

.OOlBj 

RJO 

2.50 

.1389    1389    1.25 

CI 

0.07 
0.80 

.0020 

sio, 

CaO 

1.01 
0.04 

MgO 

K,0 

0.10 

NagO 

0,17 

CO, 

0.82 

i 

98.99 

The  low  total  is  probably  owing  to  a  loss  of  zinc  during  analysis. 
Galcite  was  present  as  an  impurity,  and  as  the  GO2  just  suffices  for  the 
GaO  and  MgO  these  are  rejected  in  considering  the  composition  of  the 
vanadate.  The  figures  in  the  third  column  of  molecular  ratios  are 
found  by  allowing  for  probably  admixed  vanadinite  calculated  from  the 
chlorine  found.  In  another  specimen  a  qualitative  test  for  chlorine 
indicated  a  greater  admixture  of  vanadinite.  As  in  the  case  of  the 
descloizite  from  Georgetown,  K  Mex.,  previously  described,  a  further 
allowance  has  perhaps  to  be  made  for  a  soluble  hydrous  silicate.  There 
can  be  no  doubt  that  the  general  formula  for  the  vanadate  is  that  of 
descloizite. 

In  almost  every  respect  this  mineral  resembles,  so  far  as  the  published 
descriptions  allow  of  judging,  the  descloizite  of  Penfield,^  the  cupro- 
descloizite  of  Eammelsberg,^  and  the  ramirite  of  de  Leon,^  perhaps 
also  the  tritochorite  of  Prenzel,*  to  the  similarity  of  which  with  his 
variety  of  descloizite  Penfield  draws  attention  in  his  paper.  Professor 
Genth's  surmise  (1.  c,  p.  39)  of  the  specific  identity  of  all  these  sub- 

*  Am.  Joup.  Sci.  (3),  vol.  26,  p.  361. 

^Monatsb.  Berl.  Acad.,  1883,  p.  1215. 

^LaBamirita,  nneva  esp6oie  mineral,  Mexico,  1885. 

<T8chermak'8  Min.  and  Petr.  Mittb.,  vol.  3,  p.  506, 1880,  vol.  4,  p.  97, 1881. 
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Stances  seems  highly  probable.  Characteristic  of  the  present  variety 
is  the  greater  replacement  of  the  lead-zinc  vanadate — ^traedescloizite — 
by  the  isomorphoas  lead-copper  vanadate  and  the  lessened  tendency 
toward  a  flbrons  structure,  which  in  the  other  varieties  described  seems 
to  be  a  decidedly  pronounced  feature.  Possibly  this  last  characteristic 
of  the  Tombstone  mineral,  if  it  be  not  accidental  in  view  of  the  few 
specimens  (three)  examined,  is  d  condition  of  the  first. 

According  to  Bammelsberg,^  the  lead-copper  vanadate  corresponding 
to  the  lead-zinc  vanadate  (descloizite)  is  mottramite  or  psittacinite, 
though  it  seems  not  improbable  that  it  may  be  the  chileite  of  Dana's 
Mineralogy.  Domeyko's  analyses,*  which  led  Kenngott  to  ascribe  the 
above  name  to  the  Ghilian  mineral,  show  a  deficiency  of  2.5  and  2.8  per 
cent,  which  may  very  well  be  VsOs.  At  all  events,  a  recalculation  of 
his  analyses  based  on  this  assumption  leads  to  a  proportion  for 
PbO+CttO  :  V2O5 :  HaO  of  nearly  4:1:1. 

In  view  of  the  well  defined  character  of  all  these  highly  cupriferous 
varieties  of  descloizite  it  would  be  well  to  designate  them  once  for  all 
by  some  distinctive  name.  Tritochorite  would  have  precedence  if  the 
substance  to  which  that  name  has  been  given  is  really  identical  with 
the  others,  but  Bammelsberg's  cupro-desdoizite  is  more  appropriate  as 
indicating  at  once  the  relationship  to  descloizite,  and  I  would  suggest 
that  it  be  henceforth  used  for  all  cupriferous  descloizites  showing  the 
physical  characteristics  of  the  mineral  above  described. 

fToTE. — Since  the  foregoing  was  written  there  has  appeared  in  the 
Ball.  Soc.  Franc.  Min.,  Feb.,  1889,  p.  38,  a  paper  by  F.  Pisani,  in  which 
he  gives  another  analysis  of  the  Mexican  cupro-descloizite  and  discusses 
briefly  the  relations  of  various  vanadates.  The  essential  identity  of 
all  the  above-enumerated  cupriferous  lead-zinc  vanadates,  with  the 
addition  of  another — schaffnerite,  concerning  which  I  have  been  unable 
to  find  4ny  further  reference  in  mineralogical  literature — is  therein 
upheld,  and  the  suggestion  of  Penfield  regarding  the  possible  identity 
of  tritoshorite  and  cupro-descloizite  is  confirmed  by  Frenzel  himself, 
who  is  quoted  as  writing  to  Professor  DesCloizeaux  that  he  had  not 
thought  it  necessary  to  consider  as  an  essential  constituent  the  two 
per  cent  of  water  which  he  had  found  in  tritochorite. 

^  Chemische  Natar  der  Mineralien,  p.  32. 

s  Ann.  d.  Mines,  IV,  yi>l.  14,  1848,  p.  150;  Phil.  Mag.,  Ill,  vol.  34,  1849,  p.  395. 


A   NEW   METEORITE   FROM   MEXICO. 


By  J.  Edward  Whitfield. 


While  in  Mexico  dnring  the  summer  of  1888,  Prof.  H.  A.  Ward,  of 
Ward  and  Howell,  Bochester,  N.  T.,  obtained  an  uudescribed  mass  of 
meteoric  iron  weighing  33.0  kilos. 

The  meteorite  was  found  on  a  peak  of  the  Sierra  de  San  Francisco, 
called  La  Bella  Boca,  in  front  of  Santiago  Papasquiaro,  in  the  State  of 
Dnrango.  The  date  of  its  discovery  and  the  name  of  the  finder  are 
unknown. 

The  composition  of  the  metallic  portion  does  not  differ  materially  from 
that  of  other  meteoric  irons,  as  the  following  analysis  will  show : 

Fe 91.48 

Ni 7.92 

Co 0.22 

P 0.21 

S 0.21 

C 0.06 


100. 19 


A  feature  of  the  meteorite  is  the  presence  of  large,  deep  pittings  on 
one  side;  these  are  a  little  greater  in  diameter  just  below  than  imme* 
diately  at  the  surface  and  each  one  has  a  little  substance  left  at  the 
bottom,  which  evidently  is  the  remains  of  what  originally  filled  the 
cavities.  I  succeeded  in  breaking  from  the  bottom  of  one  pitting 
material  sufficient  to  determine  its  nature.  It  proved  to  be  troilite  as 
the  analysis  will  show : 

NiS2.13,   FeS  85.27,    Fe9.37. 

The  exposed  surface  of  the  troilite  was  greatly  decomposed ;  this 
portion  gave  by  analysis  the  following  figures : 

NiS2.07,    FeS  37.51,    Fe-iOa  37.60.    Moisture,  19.85. 

This  decomposition  gives  grounds  for  the  idea  that  the  deep  pittings 
were  formed  by  the  removal  of  troilite  nodules,  partly  while  the  mass 
was  hot  and  partly  by  the  subsequent  weathering. 
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There  are  noddies  of  troilite  throughoat  the  entire  mass  of  the 
meteorite,  but  none  are  removed  so  as  to  tbrm  pittings,  on  any  other  part 
of  the  surface  but  the  side  which  is  supposed  to  have  been  forward. 

The  mass  is  deeply  furrowed  and  all  the  furrows  tend  away  ^m  the 
side  containing  the  pittings. 

Slices  of  the  meteorite,  when  etched,  show  rather  coarse  Widman- 
stattian  figures  and  also  dark  diagonal  bands  of' troilite. 

From  the  locality  in  which  this  meteorite  was  found  it  is  but  proper 
that  it  should  be  called  *^  La  Bella  Eoca." 

I  am  indebted  to  Messrs.  Ward  and  Howell  for  the  material  for  ex- 
amination and  the  privilege  of  description. 


■N 


DUMORTIERITE  PROM  HARLEM,  N.  Y.,  AND  CLIP,  ARIZ. 


By  J.  8.  DiLLEB  AND  J.  B.  Whitfield. 


Id  1887  Dr.  R.  B.  Biggs  pablished  a  description,  Including  a  chemical 
analysis,  of  '^  the  so-called  Hariem  iudicolite,''  which  was  regarded  as 
probably  a  new  boro-silicate.  The  notice  led  to  correspondence  with 
Prof.  £.  S.  Dana,  who  identified  the  mineral  as  dumortierite,  and  kindly 
sent  as  some  of  the  original  dumoYtierite  from  near  Lyons,  France,  for 
comparison. 

The  physical  properties  of  the  Harlem  dumortierite  agree  very  closely 
with  those  mentioned  by  Bertrand,^  Gonnard,^  and  Damour.^  Crystals 
are  very  rare.  An  imperfect  one^  has  been  observed  with  a{  ooPoo  )  and 
m{  ooP)  equally  developed.  Both  planes  are  striated  parallel  to  the 
vertical  axis.  Indistinct  reflections  allowed  only  approximate  meas- 
urement am=1520y  and  therefore  mni=il24P,  Obtuse  terminal  planes 
rarely  observed  on  embedded  crystals. 

Cleavage  parallel  to  a  is  distinctly  developed  so  that  when  the  min- 
eral is  crushed  and  examined  under  a  microscope  cleavage' plates  may 
be  found  which  show  an  obtuse  bisectrix  lying  parallel  to  b(  oof^oo ),' 
Cross  fiacture^  occasionally  yield  basal  sections  which  may  be  made 
to  exhibit  an  acute  bisectrix.  Extinction  always  takes  place  parallel 
to  the  vertical  axis  and  the  mineral  is  evidently  rhombic.^  In  cross- 
sections  imperfect  cleavage  is  rarely  seen  parallel  to  some  prismatic 
plane.  Polysynthetic  twinning  is  very  common  parallel  to  &  as  well  as 
to  other  planes  in  the  prism  zone.  Liquid  inclusions  and  long  tubular 
cavities  parallel  to  the  vertical  axis  are  abundant.  Hardness  ^7  and 
specific  gravity  slightly  above  3.265. 

The  rock  in  which  the  dumortierite  occurs  at  Harlem  is  the  pegmatoid 

■ 

^Ball.  Soc.  Min.  d.  Franoe,  vol.  3,  1880,  p.  171,  and  vol.  4,  1881,  p.  9. 

3  Ban.  Soc.  Min.  d.  France,  vol.  3,  1881,  p.  2. 

3BaU.  Soc.  Min.  d.  France,  vol.  4,  1881,  p.  a 

^It  was  kindly  loaned  to  ns  by  Mr.  R.  T.  Chamberlin,  of  New  York.  Our  thanks 
are  also  dae  to  Mr.  George  F.  Kanz  for  the  material  he  so  generously  famished  for 
this  investigation.  It  was  collected  along  Fonrth  avenae  at  One  hnndred  and  twen- 
tieth and  One  hnndred  and  twenty-second  streets,  as  weU  as  near  Fort  George,  a  new 
locality  of  the  same  district. 

^My  observations,  noted  in  Mr.  Riggs's  paper,  already  referred  to,  were  very  hastily 
made  with  imperfect  apparatus,  and  pablished  before  I  had  an  opportunity  for  their 
revision.— J.  S.  Dillbr. 
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portion  of  a  biotite  gneiss.  These  coarse  vein-like  parts  are  composed 
of  qaartz  with  both  red  and  colorless  orthoclase^  some  plagioclase  and 
tourmaline.  The  other  portions  of  the  rock  contain  much  biotite  and 
garnet.  The  fibers  of  dumortierite  are  sparingly  scattered  through  the 
quartz  in  the  coarse  granular  rock.  A  few  wdre  observed  penetrating 
plagioclase.  The  thin,  thread-like  fibers  are  occasionally  so  small  as 
not  to  be  distinctly  dichroic,  but  they  are  intermingled  and  connected 
with  larger  dichroic  fibers  by  every  Intermediate  gradatipn  in  size,  so 
that  an  observer  at  once  regards  them  all  as  the  same  mineral.  They 
sometimes  closely  resemble  the  trichitic  forms  in  granitic  quartz,  which 
Dr.  G.  W.  Hawes^  and  many  others  following  his  suggestion  regarded 
as  putile. 

The  presence  of  tourmaline  in  the  rock  at  Harlem  was  not  at  first 
recognized.  It  is  so  intimately  associated  with  the  dumortierite  that 
they  can  not  be  easily  separated.  Their  pleochroic  phenomena,  however, 
are  so  unlike  that  they  can  be  readily  distiuguished  under  a  polarizing 
microscope.  The  presence  of  tourmaline  renders  the  results  of  &lr. 
Biggs's  analysis  less  trustworthy.  By  means  of  the  Klein  solntion  and 
an  electro  magnet  the  tourmaline  was  separated  from  the  dumortierite. 
The  .217  gram  of  the  letter  thus  obtained  was  analyzed  with  the  fol- 
lowing result.'    Only  the  smallest  trace  of  B2O3  was  observed. 

SiOs  31.44         AUO3  68.91 

Fortunately,  at  the  time  it  became  particularly  desirable  to. obtain  a 
larger  quantity  of  dumortierite  for  analysis  a  collection  of  minerals  was 
sent  by  BIrs.  G.  A.  Bidwell  from  Clip,  Tuma  County,  Arizona,  to  the 
National  Museum  for  identification.  Among  them  Prof.  F.  W.  Clarke 
noticed  a  blue  mineral,  which  proved  to  be  dumortierite.  It  is  finely 
fibrous  and  so  abundant  as  to  give  color  to  the  rock,  which  is  composed 
chiefly  of  granular  quartz.  A  few  grains  of  magnetite  and  limonite 
are  the  only  other  minerals  intermingled  with  the  quartz  and  dumorti- 
erite, so  that  it  seems  an  easy  matter  by  means  of  a  heavy  solution  and 
an  electro-magnet  to  obtain  the  latter  mineral  for  chemical  analysis. 
The  results  are  given  under  I,  below. 

These  figures  appear  to  show  the  material  analyzed  to  be  impure,  and 
it  was  thought  advisable  to  obtain  more  of  the  rock  and  endeavor  to 
separate  the  dumortierite  as  far  as  practicable  from  all  impurities. 
Mrs.  O.  A.  Bidwell  kindly  furnished  a  sufScient  amount  of  much  better 
material,  in  which  the  only  mineral  associated  with  the  dumortierite 
was  quartz.  As  dumortierite  is  not  acted  upon  by  hydrofluoric  acid ; 
the  rock,  after  being  crushed  to  small  particles,  was  digested  in  this  acid 
for  a  length  of  time  sufficient  to  decompose  most  of  the  quartz.  The 
mass  was  then  washed  with  water,  dried,  and  any  quartz  that  might 
still  remain  separated  by  Thoulet's  solution.    After  thorough  washing* 

1  Mineralogy  and  Lithology  of  N.  H.,  1878,  p.  45. 

'  The  chemloal  work  for  this  paper  was  done  by  Mr.  Whitfield* 
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the  material  was  examined  with  the  aid  of  a  microscope  and  found  to 
be  free  from  gangue.  Having  been  groand  exceedingly  fiae  and  dried 
at  1040  G.  for  aboat  three  hoars,  the  mineral  was  analyzed  with  the  fol- 
lowing results  (II) : 


I. 

II. 

8l«0» 

31.52 

63.66 

trace. 

.62 

.37 

.11 

2.62 

1.84 

27.  M 
64.49 

"t 

trace. 

AlA 

CaO 

MffO 

NaiO    

K-O 

BjOi 

4.9&^.»3 

0.20 

HtO   1.72 

PA 

Ignition 

100.14 

99.35 

Analysis  II  shows  less  impurity  than  the  first  specimen  analyzed. 
These  results  indicate  either  that  dumortierite  is  not  a  simple  silicate 
of  aluminum  as  stated  by  Damour;^  or  else  that  the  material  analyzed 
was  a  mixture  of  dumortierite  with  some  other  compound. 

If  we  assume  the  formula  of  Damour  to  be  correct  and  estimate  all 
tbeSiOa  in  the  analysis  as  belonging  to  the  formula  AUSiaOis,  then 
there  will  be  left  unaccounted  for  a  small  amount  of  AI2O3,  HzO,  and 
B2O3,  and  these  are  present  in  the  proportions  represented  by  the  for- 
mula AIB3U6.  2H3O.  If  this  mode  of  interpretation  be  correct,  then 
the  mineral  from  Arizona  corresponds  approximately  to  the  formula 
3Al88i30,8.AlB306.2H20  which  requires  Al203==65.2  percent;  Si03=27.6 
per  cent;  6203=5.4  per  cent;  H20=1.8  per  cent,  agreeing  quite 
closely  with  the  actual  analysis.  A  borate  of  aluminum  corresponding 
to  the  above  formula  is,  we  believe,  not  actually  known,  and  concerning 
its  properties  nothing  can  be  predicted.  If  it  exists  it  is  certainly  re- 
markable that  it  should  withstand  the  treatment  with  hydrofluoric  acid 
which  the  dumortierite  received  during  the  process  of  purification. 

We  are  greatly  indebted  to  Mrs.  0.  A.  Bidwell  for  the  supply  of 
material  for  investigation,  which  at  the  cost  of  much  personal  labor  she 
so  liberally  furnished. 


'  Boll.  Soo.  Mio.  de  France,  vol.  4,  p.  6. 
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CHEMICAL  ACTION  BETWEEN  SOLIDS.^ 


By  William  Hallock. 


In  a  note  on  a  new  method  of  forming  alloys  pablished  some  time 
ago,^  I  suggested  some  additional  experiments  which  I  intended  to 
make,  and  I  now  give  the  results  thus  far  obtained.  Unfortunately, 
other  work  prevents  mv  continuing  the  investigation  at  present. 

Inasmuch  as  the  method  and  principle^  seemed  well  established 
where  metals  were  used  to  produce  alloys,  an  attempt  was  made  to 
include  some  chemical  reactions  in  the  list.  The  most  natural  cases 
were  the  freezing  mixtures  where  solid  reagents  are  used.  In  order  to 
surely  have  both  constituents  in  a  decidedly  solid  state  the  experiments 
were  performed  in  a  vessel  cooled  to  a  temperature  of  minus  1(P  or  129 
C,  care  being  always  taken  to  leave  the  reagents  in  the  vessel  long 
enough  for  them  to  assume  a  temperature  decidedly  below  zero  Centi- 
grade. Under  these  conditions  a  crystal  of  rock  salt  (NaCl)  and  a  piece 
of  clean,  dry  ice  were  gently  brought  in  contact,  lying  side  by  side  on 
a  watch  glass.  Of  course  the  result  was  the  solution  of  salt,  but  old 
as  this  experiment  may  be,  it  appears  here  in  a  new  connection,  as  an 
example  of  the  union  of  two  solids  below  the  melting  point  of  either, 
but  above  that  of  the  product.  The  piece  of  ice  was  frozen  to  the 
glass  and  during  the  operation  the  crystal  was  drawn  several  millime- 
ters across  the  glass,  doubtless  by  capillarity,  as  the  solution  ran  out 
at  the  bottom  of  the  surface  of  contact  as  fast  as  it  formed,  the  attrac- 
tion being  sufficient  to  move  a  crystal  several  grams  in  weight. 

Similar  experiments  were  performed  with  sodium  and  potassium, 
nitrate  potassium,  calcium  and  ammonium  chloride,  and  sodium  and 
potassium  hydrate,  with  a  similar  result  in  all  cases.  These  are  all  well 
known  results,  but  wherein  do  they  differ  from  the  new  method  of  form- 
ing alloys  f  This  question  suggests  another.  Are  the  metals  combin- 
ing to  form  an  alloy  in  the  new  way  a  freezing  mixture  f    A  thorough 

^  This  paper  was  read  in  part  before  the  Phil.  Soc.  of  Washington,  D.  C,  October 
13,  1888,  and  appeared  in  full  in  the  Am.  Jour.  Sci.,  vol.  37, 1889,  p.  402. 

2W.  Hallock,  Zeitschr.  f.  Phys.  Chem.,  vol.  2,  1888,  p.  6.  Science,  vol.  11,  1888,  p. 
265. 

'  O.  Lehmann,  Wiedemann  Ann.,  vol.  24,  1885,  p.  5,  suggested  the  theoretical  po6- 
sibility  of  producing  an  alloy  in  this  way.  I  had  overlooked  his  paper  until  recently. 
Mr.  Lehmann,  however,  evidently  did  not  consider  it  possible  to  fulfill  the  neo^asary 
conditions  and  did  not  try  the  experiment. 
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investigation  of  the  question  would  require  more  complicated  experi- 
ments than  I  had  time  to  perform.  One  test,  however,  is  very  simple, 
that  with  potassium  and  sodium. 

Into  a  small  porcelain  crucible  weighing  15  grams  and  containing 
about  an  equal  weight  of  petroleum  were  placed  pieces  of  the  two 
metals,  about  3  grams  of  each.  One  junction  of  a  thermo-element 
was  forced  into  the  piece  of  potassium  and  gave  its  temperature  accu- 
rately.. After  the. whole  had  assumed  the  room  temperature,  clean 
faces  of  the  two  metals  were  brought  into  contact^  the  liquefaction  began, 
and  the  temperature  immediately  fell.  It  required  about  two  hours  to 
complete  the  liquefaction  and  about  one  and  a  half  hours  to  attain  the 
minimum  of  temperature.'  No  precautions  were  taken  to  prevent  the 
calorimeter  taking  up  heat  from  its  surroundings,  and,  no  doubt,  it 
absorbed  considerable  in  the  long  time,  and  yet  the  maximum  fall  in 
temperature  amounted  to  2.4^  C,  very  lar  ge,  considering  the  small 
weight  of  the  reagents  compared  with  the  calorimeter.  Thus  it  appears 
tiiat  sodium  and  potassium  are,  under  such  circumstances,  a  ^^  freezing 
mixture,"  and  analogy  at  least  would  lead  one  to  believe  that  other 
alloys  also  absorb  heat  in  their  formation;  but  future  experiment  must 
decide  the  point. 

In  the  cool  vessel  above  described  a  piece  of  sodium  or  potassium  was 
placed  ux)on  a  piece  of  dry  ice;  almost  instantly  the  reaction  commenced 
and  proceeded  vigorously.  It  is,  however,  scarcely  safe  to  consider 
this  a  case  of  chemical  action  between  solids,  because  the  reaction  is 
probably  as  follows :  The  vapor  from  th|B  ice  attacks  the  metal,  forming 
the  hydrate  which  unites  with  other  ice,  forming  a  solution,  which  is 
then  further  acted  upon  by  the  metal,  and  in  the  whole  process  heat  is 
generated  suf&cient  to  raise  the  temperature  of.  the  reagents  very  con- 
siderably. Perhaps  in  the  other  freezing  mixtures,  ice  and  salt,  etc.,  it 
is  the  vapor  of  the  water  or  ice  which  initiates  the  reaction. 

In  view  of  these  and  other  considerations,  the  idea  is  evident  that 
perhaps  many  substances  have  a  slight  vapor  tension  at  temperatures 
considerably  below  their  melting  points,  and  are  surrounded  by  a  thin 
atmosphere  of  their  own  vapor  over  their  clean  surfaces,  and  it  is  only 
necessary  to  bring  two  such  atmospheres  to  interpenetration  in  order 
to  initiate  the  reaction  which  will  then  continue,  provided  the  product 
(liquid  or  gas)  escapes  easily  and  does  not  clog  the  operation.  In  very 
many  cases  substances  are  found  to  give  off'  a  vapor  below  their  melt- 
ing point,  and  it  is  natural  to  suppose  that  there  is  a  film  of  that  vapor 
over  the  surface  of  the  body,  as  there  is  a  layer  of  saturated  air  over 
water.  The  mechanical  theory  of  the  composition  of  matter  lends 
plausibility  to  the  above  suggestion.  If  these  considerations  are  correct 
they  foretell  the  regelation  of  substances  like  camphor  and  ice,  without 
any  pressure  whatever.  That  loose  pieces  of  camphor  will  become 
welded  together  by  simple  contact  is  well  known.  The  operation 
appears  to  me  thus :    In  an  irregular  mass  of  camphor  in  an  atmos- 
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phere  of  camphor  vapor,  there  is  a  constant  interchange  of  state  for  the 
molecnles  at  the  surfaces  of  the  solid,  molecnles  previoasly  solid  are 
getting  too  far  off  and  becoming  gas,  and  molecnles  previously  gas  are 
beating  upon  the  solid  and  staying  there ;  thus  the  state  of  eqnilibrnm 
is  when,  as  a  whole,  there  are  as  many  molecnles  which  fly  off  and 
become  gas  as  fly  on  and  become  solid.  On  a  projecting  point  of  the 
solid  the  chances  are  in  favor  of  more  flying  off  than  on;  in  a  reentrant 
angle  the  reverse  is  true.  Theoretically,  then,  the  piece  onght  ultimately 
to  become  a  sphere,  not  only  by  the  rounding  down  of  the  corners, 
but  by  the  building  up  of  the  flat  or  reentrant  sides.  That  the  corners 
do  round  off  all  know.  If  this  is  all  true  we  only  need  to  bring  the  two 
pieces  together  and  consider  them  as  one,  and  the  crack  between  them 
as  a  reentrant  angle,  and  the  union  is  brought  about  as  above  indi- 
cated.  If  in  the  above  the  word  liquid  be  substituted  for  vapor  or  gas, 
the  explanation  will  apply  to  the  regelation  of  ice  in  water  at  0^  O. 

We  may  go  even  further  and  predict  a  uniting  without  actual  contact, 
and  this  prediction  has  been  experimentally  demonstrated  in  the  case 
of  ice  and  water.  A  large  rough  block  of  ice  (about  15  pounds)  was 
sawed  nearly  in  two,  the  slit  washed  out  and  all  the  fine  pieces  removed. 
In  this  way  it  was  possible  to  hold  two  plane  surfaces  of  ice  parallel 
and  near  each  other  (1  to  2™™)  without  danger  of  actual  contact  Into 
the  outer  edge  of  the  saw-cut  a  cotton  wick  was  pressed,  thus  isolating 
the  space  between  the  faces  from  the  outside  and  preventing  any  cur- 
rents fh>m  circulating  through  the  crack.  The  whole  block  was  then 
placed  in  water  at  zero  and  inclosed  in  non-conducting  cases  and  left 
for  twenty-five  to  thirty  hours.  This  experiment  was  tried  three  times 
and  each  time  a  freezing  across  the  space  had  taken  place.  The  whole 
space  was  not  filled,  but  in  numerous  places,  notably  along  just  inside 
the  wicking  and  up  from  the  bottom  of  the  out.  No  doubt  the  regela- 
tion would  have  gone  further  if  the  experiment  could  have  been  con- 
tinued longer.  The  melting  of  the  whole  block  puts  an  end  to  each 
experiment.  As  these  experiments  were  performed  in  summer  there  is 
scarcely  a  possibility  that  the  ice  was  colder  than  0^  0. 

Inasmuch  as  there  appears  to  be  an  increasing  inclination  to  regard 
solutions  and  alloys  as  chemical  compounds,  it  seems  justifiable  to  speak 
of  the  action  according  to  the  alloy  law  as  chemical.  On  the  other 
hand,  there  are  some  cases  which  at  first  appear  as  chemical  action 
between  solids  which  upon  closer  investigation  can  be  explained  on  a 
simpler  assumption. 

For  example,  Mr.  W.  Spring,^  in  a  recent  paper  on  this  subject,  cites 
three  particular  cases  as  being  chemical  action  between  solids,  the 
union  of  copper  and  sulphur,  the  reaction  between  copper  and  mercuric 
chloride,  and  between  potassium  nitrate  and  sodium  acetate. 

The  formation  of  the  sulphide  of  copper  and  other  sulphides  was  ac- 
complished by  Mr.  Spring  by  compression  of  the  elements.    But  it  is 

» W.  Spring,  Zeitschr.  flir  phys.  Chemie,  vol.  2, 18«8,  p.  536. 
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not  even  necessary  that  the  sulphur  and  copper  be  in  contact.  I  have 
made  the  sulphide  at  ordinary  temperatures  with  the  two  an  inch  apart 
and  a  wad  of  cotton  in  the  tube  between  them.  It  is  simply  the  vapor 
of  sulphur  which  attacks  the  copper.  That  sulphur  gives  off  a  per- 
ceptible vapor  at  ordinary  temperatures,  especially  in  vacuo,  is  a  fact 
any  one  can  easily  demonstrate.  The  case  of  the  copper  and  mercuric 
chloride  is  precisely  the  same.  The  vapor  of  the  chloride  will  go 
through  a  whole  tube  past  cotton  wads  and  attack  the  copper,  or  color 
potassic  iodide.  Hence  we  can  scarcely  assert  that  these  reactions  are 
between  solid  bodies.  The  reaction  between  potassium  nitrate  and 
sodium  acetate  is  equally  unconvincing.  Mr.  Spring  expected  an  in- 
terchange of  bases  and  acids  and  left  the  mixture  of  the  dry  fine 
powders  four  months  in  a  desiccator  to  give  time  for  the  exchange.  On 
removing  them  from  the  desiccator  a  deliquescence  was  noticeable  and 
he  therefore  concludes  that  the  interchange  had  taken  place,  since  .the 
original  salts  do  not  easily  deliquesce ;  but  the  product  of  the  reaction 
(potassium  acetate)  does.  It  appears  to  me  thus :  The  moment  the 
powders  were  brought  to  the  air,  the  water  vapor  enters  the  operation 
and  we  have  potassium  nitrate,  water  vapor,  and  sodium  acetate,  and 
the  result  of  their  mutual  interaction  is  a  solution  of  potassium  acetate 
and  sodium  nitrate.  In  fact,  if  the  dry  powdered  salts  are  stirred 
together,  in  a  very  few  moments  deliquescence  begins,  showing  that 
whatever  the  reaction  it  goes  on  at  once,  and  is  a  matter  of  moments 
and  not  of  mouths.  Thus  even  this  experiment  m  its  present  form 
does  not  convince  us  that  a  chemical  exchange  took  plac^  before  the 
water  vapor  entered  the  reaction. 

The  question  of  chemical  action  between  solids  is  by  no  means  new, 
but  is  being  constantly  extended.  I  may  say  I  believe  chemical  action 
may  take  place  wlierever  the  product  or  products  are  liquid  or  gaseous 
even  though  the  reagents  are  solid,  with  perhaps  the  added  condition 
that  one  or  both  the  reagents  be  soluble  in  the  liquid  produced.  If  this 
be  true  my  new  method  of  forming  alloys  is  but  a  special  case  of  the 
above  general  principle.^ 


^  Experiments  eDdeavoring  to  produce  carbon  disnlphide  from  the  elements  at 
ordinary  temperatares,  are  in  band  and  give  promise  of  positive  results.  Also,  ex- 
periments on  the  interaction  of  potassium  nitrate  and  sodium  acetate  have  been 
started ;  it  will,  however,  be  some  time  before  further  results  can  be  given. 


THE  FLOW  OF  SOLIDS :  A  NOTE. 


> 


By  William  Hallock. 


The  American  Journal  of  Science,  vol.  34, 1887,  p.  277,  oontained  an 
abstract  of  my  paper  under  the  above  title,  which  appears  in  fall  in 
Bulletin  55  of  the  U.  S.  Geological  Survey.  The  results  obtained  wete 
so  different  from  those  of  Mr.  Spring  that  I  was  led  to  a  criticism  of  hia 
work  and  seem  to  have  been  misunderstood.^ 

The  justice  of  Mr,  Spring's  ^  protest  against  a  part  of  my  original 
paper  I  am  glad  to  admit,  as  far  as  it  concerns  an  ill-advised  use  of 
terms,  and  a  consequent  misrepresentation  of  his  views,  of  course  en- 
tirely unintentional.  Not  realizing  that  many  were  not  so  familiar  with 
Mr.  Spring's  works  as  myself,  I  neglected  in  the  brief  paper  to  give  bis 
views,  and  thus  my  deductions  from  his  results  seemed  to  represent  his 
own  (!ouclusions. 

T\\Q  object  of  my  original  investigation^  was  a  solution  of  the  ques- 
tion whether  pressure  alone  is  capable  of  producing  true  liquefaction ; 
many  have  certainly  believed  so,  or  even  do  believe  so,  and  a  few,  at 
least,  including  myself,  saw  in  Mr.  Spring's  earlier  results  evidence  of 
such  a  possibility.  I  believe  that  to  produce  such  phenomena,  as  some 
recrystallizations,  and  difiusion,  an  increase  in  the  freedom  of  motion  of 
the  molecule,  an  increased  diffusibility,  i.  e.,  the  beginning  of  a  lique- 
faction, is  indispensable.  Hence  1  looked  upon  his  results  as  pointing 
to  a  liquefaction  by  pressure.  My  own  experiments  with  the  same  sub- 
stances and  pressures  showed  the  impossibility  of  liquefying  them  by 
pressure  and  even  brought  out  an  enormous  increase  in  the  rigidity  of 
bees- wax  and  paraflSn*  under  such  pressures.  In  concluding  I  wished 
only  to  call  attention  to  the  difference  between  Mr.  Spring's  reMtte  and 
my  own,  but  unfortunately  a  loose  and  abbreviated  quotation  caused 
the  misunderstanding,  which  I  wish  to  explain. 

Since  obtaining  my  own  results  there  seems  to  me  little  doubt  that 
many,  at  least,  of  Mr,  Spring's  effects  are  caused  rather  by  a  motion 


*The  following  appeared  in  Am.  Jour.  Sci.,  vol.  J^,  1888,  p.  60. 

« W.  Spring,  Am.  Jour.  Sci.,  vol.  35, 1888,  p.  78,  also  Bull,  de  PAoad.  R.  Belg.,vol.  14» 
1887,  p.  585. 

»  W.  Hallock,  Am.  Jour.  Sci.,  vol.  34, 1887,  p.  277. 

*  Compare  also  Ordnance  Department  Testa  of  Metals,  eto.,  1884,  Government  Print- 
ing Office,  pp.  252-254,  285-287. 
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under  presaurej  a  kneading,  as  it  were,  and  by  the  regrinding.  The 
holders  in  which  his  compressions  were  made  were  not  tight  and  the 
most  perfect  welding^  always  took  place  at  the  surface  of  the  block,  or 
the  corners,  or  where  the  material  was  forced  into  the  cracks,  often 
even  while  the  center,  under  equal  pressure,  remained  almost  un- 
affected. My  holders  were  tight,  allowing  no  leaking  or  motion,  and 
the  substances  showed  scarcely  a  trace  of  a  welding  under  pressure. 
I  must  therefore  reiterate  that  which  I  wished  originally  to  impress, 
namely,  that  the  majority  of  Mr.  Spring's  results  are  not  produced  by 
'  simple  cubic  static  pressure. 

In  the  cases  of  chemical  action  and  the  formation  of  alloys,  I  believe 
that  the  motion  under  pressure  will  be  found  to  be  the  all  important 
factor,  perhaps  just  as  stirring  assists  diflfusion  to  completely  mix  two 
liquids.  Even  if  blocks  of  barium  sulphate  and  of  sodium  carbonate^ 
were  brought  into  actual  chemical  contact,  I  think  no  one  would  expect 
that  simple  diffusion  would  complete  the  intej^changeof  bases  and  acids 
in  finite  time  so  long  as  both  substances  remained  solid;  nor  that  a 
piece  of  copper  and  of  tin  soldered  together  would  diffuse  and  form  a 
homogeneous  bronze ;  nor  would  they  expect  that  simple  cubic  static 
pressure  would  promote  these  reactions ;  if  pressure  will  assist  them 
to  completion,  it  will  increase  the  diffusibility  of  solids,  increase  the 
freedom  of  motion  of  their  molecules ;  that  is,  it  will  make  them  more 
like  liquids — will  begin  to  liquefy  them. 

I  wish  to  refer  here  to  a  new  law  I  recently  proposed'  concerning  the 
formation  of  alloys,  where  the  fact  is  brought  out  that  the  melting 
point  and  liquidity  of  the  product  are  quite  as  important  as  those  of  the 
constituents  in  determining  the  possibility  of  a  reaction.  Mr.  Spring^ 
has  produced  Wood's  alloy  by  compressing  the  constituents  together, 
and  quotes  Mr.  Bomna^  as  having  failed  to  obtain  fine  platinum  wire 
by  electro  silver-plating  a  platinum  wire,  drawing  it  down  and  dissolv- 
ing off  the  silver  in  nitric  acid,  because  the  silver  and  platinum  alloyed 
under  the  pressure  of  the  draw  plate.  Messrs.  W.  &  L,  E.  Gurley,  of 
Troy,  N.  Y.,  have  for  several  years  made  fine  platinum  wires  by  the 
well-known  Wollaston^  method  ofccisting  silver  around  the  platinum  and 
treating  as  above.  In  the  note  referred  to*  I  have  described  the  pro- 
ductionof  Wood's  alloy  without  pressure  ai  100^  C.  of  a  tin-lead  alloy 
at  190^  G.  of  the  sodium-potassium  alloy  at  ordinary  temperatures,  etc. 
Hence  it  appears  to  me  that  pressure  alone  is  the  least  important  factor 
in  the  production  of  the  effects  obtained  in  Mr.  Spring's  investigation. 

T  W.  Spring,  Boll.  d.  I'Acad.  R.  Belg. ,  vol .  49, 1880,  p.  352.    Phosphore  amorphe  e t  seq. 
2  W.  Spring,  BaU.  Soc.  Chem.,  vol.  44,  1865,  p.  166. 

»W.  Hallock,  Science,  Mar.  2,  1888,  vol.  11,  p.  100;  also  Ostwald  Zeitschr.  f.  Phys. 
Cbem.,  vol.  2, 18«8. 
^  W.  Spring,  Ber.  der  dentsch.  CLem.  Gesell.,  vol.  15,  1882,  p.  695. 
•Ibid. 
«Ganot'B  Physios,  Atkinson,  New  Tork,  1883,  p.  76. 


MISCELLANEOUS  ANALYSES. 
1.  TYROLTTE.i 

From  the  Mammoth  Mine,  Tintio  district,  Utah.  'Sew  materiali  very 
pore,  collected  aud  analyzed  by  W.  F.  Hillebrand. 

,  CaO 45.08 

FeO 08 

CaO 6.78 

MgO 04 

H«0 17.21 

AsaOft 28.52 

SO3 2.23 

Insoluble 16 

100.10 
2.  GA.DOLINITE. 

From  Llano  Goanty,  Texas.    Analyzed  by  L.  G.  Eakins.* 

SiOg 23.79 

ThOa 58 

FeaO, 96 

CeaO, 2.62 

(DiLa)a03 5.22 

(YEr)203 4L55 

FeO 12.42 

GIO 11.3:) 

MnO trace 

CaO 74 

MgO trace 

Alkalies trace 

HaO 1.03 

PaOe 05 

100. 29 

In  the  rare  earths  from  this  mineral  the  absorption  spectrum  of 
didyminm  was  strong,  and  that  of  erbium  was  weak.  The  molecular 
weight  of  the  oxide  (YEr)203  was  260. 

^  Compare  analyses  in  Bulletin  55,  p.  41. 

<  Compare  Hidden  &,  Mackintosh,  Am.  Jour.  Sci.,  Dec.,  1889. 
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3.  WARWICKITE. 

From  the  well-known  locality  at  Ekienville,  Orange  County,  New 
York.  Analyzed  by  J.  E.  Whitfield.  The  material  could  not  be  com- 
pletely freed  from  an  admixture  of  spinel. 

SiOj 1.16 

TiO. 18.68 

FeO J4.23 

AlaOs 9.44 

BgOs 18.96 

CaO 38 

MgO 34.41 

MaO :..     2.80 

100. 06 

From  this  composition  no  simple  formula  can  be  deduced ;  but  if  we 
reject  obvious  impurities,  and  throw  out  the  alumina  Jn  the  form  of 
spinel,  the  residue  agrees  approximately  with  the  ratios 

TiOa  .  BiOs  .  4R''0. 

This  expression  is  not  quite  satisfactory,  and  may  need  revision. 

4.  MINERALS  AND  ROCKS  FROM  MARYLAND. 

Collected  by  Dr.  G.  H.  Williams. 

Chrome  tourmaline  andfuchsite. — ^Found  in  chrome  pits  a  mile  west 
of  Etchison  post-office,  a  little  east  of  Great  Seneca  Greek,  in  Mont- 
gomery County.  The  tourmaline  occurs  in  dark-green  needles,  with 
chromite,  and  the  mica  is  associated  with  it.  Analyses  by  T.  M.  Chat- 
ard. 


Toarmaline. 

Fnchaite. 

H,0 

8.74 

36.67 

&90 

.06 

.04 

.09 

82.58 

4.32 

.79 

.05 

trace 

.75 

9.47 

trace 

2.22 

.13 

6.77 
42.21 

SiO, 

B^«. 

t 

P,0« 

TiOt 

A1.0. 

34.55 
2.03 
1.03 

CtjOi 

Feh0a,Fe0 

mo 

MnO... 

CaO 

trace 

.47 

3.18 

MgO 

lAfi 

NaiO 

.82 
9.16 

XJ} 

99.71 

100. 17 

/  . 


1 
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These  minerals  are  more  fallj  discussed  by  6.  H.  Williams  and  A. 
O.  Gill  in  Circular  No.  75  of  tbe  Johns  Hopkins  University.  In  the 
same  paper  is  described  epidote  from  the  Woodstock  granite,  of  which 
the  following  analysis  has  been  made  by  Dr.  W.  F.  Hillebrand,  on  only 
0.4473  gramme  of  material : 

SiO. 37.63 

FeaOaC+FeO) 15.29 

AUO3... ia40 

TiOa 3.78 

MnO 31 

CaO 22.93 

MgO 31 

PaOs..-.. 44 

Ignition 2.23 

101.32 

Boeks  from  Baltimore  County. — ^Analyses  by  J.  E.  Whitfield.  A, 
pyroxenite,  Johnny  Cake  Boad.  B,  pyroxenite,  Johnny  Cake  Boad, 
first  stage  of  alteration.  G,  pyroxenite,  Johnny  Cake  Boad^  second 
stage  of  alteration.    D,  smaragdite,  Dogwood  Boad. 


sio, .... 

so, 

01 

p,o,.... 

A1,0,... 
Cr,0, ... 
re/),... 
FeO.... 
MnO.... 
CaO  .... 
MgO.... 
Alkali«M 
H,0 


1 

A. 

B. 

50.10 

•   C. 

D. 

50.80 

51.94 

53.22 

trace 

trace 

.19 

trace 

.24 

.26 

.10 

.26 

traoe 

none 

none 

....  • . . ■ 

8.40 

2.00 

2.53 

3.14 

.32 

.36 

.60 

.23 

1.39 

2.36 

2.88 

trace 

&U 

8.68 

9.38 

7.95 

.17 

.20 

trace 

.11 

12.31 

5.06 

3.60 

14.44 

22.77 

26.85 

25.97 

20.09 

traces 

none 

none 

traces 

.52 

4.16 

2.82 

.98 

100.03 

100. 14 

100.07 

100.42 

Titaninm  was  absent  from  all  foar. 
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Another  pyroxenite  (E),  and  a  diallage-bronzite  rock  (F),  from  the 
same  region,  were  analyzed  by  T.  M.  Ohatard. 


SlOk 

TiO, 

P«o, .... 

A1,0| 

Cr/H 

FeA 

FeO 

MnO 

KiO 

CaO 

MgO 

▲lkaliM(AaNa,0).. 
HgO 


43.87 

.12 

tr»oe 

1.84 

.44 

8.94 

2.00 

.19 

traoe 

<L29 

27.82 

.50 

&72 


100.63 


F. 


68.98 

.15 

traoe 

1.82 

.53 

1.41 

8.90 

.81 

trmee 

16.47 

22.69 

Qndet. 

.92 


100.48 


5.  SERPENTINE  AND  ITS  ASSOCIATES. 

From  Mariah^  New  York. — Derived  from  pyroxene.  Four  analyses  by 
Charles  Gatlett,  as  follows :  A,  serpentine  from  the  ophiolite  of  Seed's 
Quarry.  B,  ^^  dolomite"  from  the  same  rock.  0,  pyroxene  from  an 
abandoned  quarry.    D,  serpentine  derived  from  the  same  pyroxene. 


SiO,. 

A1,0. 

Fe,0» 

FeO  . 

MsO.. 

CaO.. 

CO,... 

HnO. 


A. 

B. 

C. 

D. 

89.90 

2.00 

56.88 

42.17 

L07 

.09 

.22 

.80 

8.63 

none 

.16 

L67 

8.86 

.SO 

.67 

.04 

87.01 

8.49 

19.63 

41.33 

none 

62.38 

24.48 

none 

none 

41.77 

none 

traoe 

.04 

traoe 

traoe 

18.05 

18.72 

99.87 

100.17 

100.84 

99.73 

Chromium  and  nickel  sought  for,  but  absent. 

Serpentine  from  the  aqueduct  shaft  y  New  York  City. — Analyzed  by  Mr. 
Catlett : 

SiO, 39.92 

AlaOs 08 


FeiOa 


50 


FeO none 

MgO 42.62 

COb 1.64 

CaO 90 

HjOatlOSo 1.36 

Ignition 13.26 


100.18 
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From  Mantvilley  New  Jersey. — ^A,  very  pale  serpentine,  somewhat  re- 
sembling deweylite  in  appearance.  B,  mineral,  resembling  actinolite.  G, 
brown  mica,  first  zone  above  pyroxene.  D,  yellowish  mica,  second  zone 
above  the  pyroxene.  E,  white  mica,  associated  with  pyroxene.  Analy- 
ses A  and  B,  by  L.  6.  Eakins ;  G,  D,  and  E,  by  Charles  Gatlett.  In  D 
and  E  the  ferrous  oxide  was  not  separately  estimated  for  want  of  suf- 
ficient material. 


H,0.. 

CQ|.. 

SiOb. 

A1<0»- 

Fe,0» 

FeO.. 

MnO.. 

CaO  .. 

MgO., 

Na«0. 

F 


LeflsO. 


A. 


14.73 


40.64 

2.74 

.81 

.28 

trace 

trace 

40.93 


100.13 


B. 


1.17 


43.31 

17.41 

.71 

.14 

12.84 

19.39 

2.23 

1.36 


99.15 


c. 

D. 

B. 

ft.  07 

10.88 

10.20 

.30 

1.60 

39.38 

32.52 

39.14 

16.92 

18.14 

16.70 

.71, 
.80) 

2.30 

1.68 

• 

trace 

tTACe 

trace 

.28 

:.44 

S.24 

26.85 

29.26 

25.44 

.62 

1.38 

.64 

9.84 

2.78 

2.06 

.62 

100.39 

IOC.  50 

100. 10 

.26 

100.13 

Associates  of  serpentine  from  Boston^  Pennsylvania. — A,  vermicnlite, 
analyzed  by  O.  Oatlett;  B,  tremolite;  0,  so-called  "nephrite."  Analy- 
ses B  and  G  by  L.  G.  Eakins. 


SiOi  . 
AlsO, 
FeiOs 
FeO  . 
HnO. 
CaO  . 
MgO. 
NaiO 
K,0.. 
H,0  . 


A. 

B. 

C. 

42.21 

6a27 

60.29 

9.37 

.33 

20.83 

.68 

trace 

trace 

none 
none 

,08 

none 

11.90 

.16 

84.80 

25.93 

6.44 

1.25 

1.25 

1.97 

1.34 

.42 

8.41 

10.70 

1.22 

1.18 

100.35 

99.40 

99.23 

All  of  the  foregoing  minerals  were  collected  by  Mr.  G.  P.  Merrill. 
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Beoeived  from  the  niuseam  at  Auckland.  Analyzed  by  J.  E.  Whit- 
field for  comparison  with  the  geyserites  of  the  Yellowstone  Park,  which 
they  closely  resemble.    Three  samples : 


1. 

2. 

"" " 

3. 

SiO, 

92.47 

2.54 

.79 

.15 

00.28 

3.00 

.44 

trace 

74.63 

15.59 
1.00 

trace 

.30 

1.02 

7.43 

AUOa 

CaO 

MgO 

Na,0 

K,0 

Ignition 

3.99 

6.34 

99.94 

09.96 

99.97 

7.  MISCELLANEOUS  ROCKS. 

Sandstone  from  Buena  Viatay  Ohio, — A  yellowish  boilding  stone.  Par- 
tial analysis  by  P.  W.  Clarke. 

« 

MoiBtare 2.51 

SiOa 88.27 

AlgOs+FeaOa 9.09 

MgO trace 

99.87 

Insolnlilein  HCl 96.47 

Soluble  FeaOs 77 

0 

Sandstone  from  near  Portsmouth^  Ohio, — The  "  Peebles-Henley  ^  or 
**  Otway"  building  stone.  Three  samples,  analyzed  by  T.  M.  Ghatard. 
Ib  B  and  G  the  iron  was  mainly  ferrons,  though  weighed  as  FcaOa. 


A. 

B. 

C. 

Ignition 

1.08 

98.31 

.61 

1.46 

97.20 

1.40 

1.95 

95.83 

2.42 

InsolableinHCl.... 
Solable 

Soluble  Fe,0i 

Soluble  CaO 

Solable  HgO 

loaoo 

100.06 

100.20 

.61 
trace 
trace 

1.04 

.86 

little 

1.65 

.77 

trace 

nn«^ 
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Limestone  from  SUverdalej  Kansas. — ^Analyzed  by  Gharlefi  OaUett 

SiOa , , 5.27 

AI2O, 1.07 

FeaOs 71 

FeO 32 

C»0 50.36 

MgO -•. 56 

NsbO. 20 

K«0 10 

CO9 40.34 

80s .07 

PaOs 06 

HaO 78 


99.84 


Metamorphic  rook  from  MarioHj  Kentucky. — Analyzed  by  L.  O.  Eak 


ins. 


SiOa 34.50 

AlgOs 14.37 

Fe.0, 2.85 

FeO 4.46 

CaO 11.43 

MgO 21.81 

KaO 1.50 

NaaO 51 

HaO 7.14 

PaOfi 77 

SOs GO 

CO9 21 


100.15 


From  Pigeon  Pointy  Jlftc&t^an.-— Analyses  by  L.  6.  Eakins.  A,  red  por 
phyry  from  Brick  Island,  Lake  Saperior,  near  Pigeon  Point.  B,  greei 
mottlings  from  Pigeon  Point.    Yen  Hise's  rock,  No.  11908. 


A. 

B. 

SiO, 

73.70 

.12 

12.87 

8.76 

.81 

.07 

.14 

.11 

4.M 

8.63 

.57 

trace 

83.  S7 

trace 

7.81 

1.09 

1.81 

.20 
1.60 
1.11 

.10 

2.82 

trace 

TIO, 

AliOi 

Fe«0t 

FeO 

linO 

CaO 

MeO 

XJ) 

■■a"    *■•■■■••■ 

KaiO 

H.O 

P«0, 

09.84 

100.20 

I 
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IHdbase^  Penohee-Oogebio  BangCj  Michigan. — Analyst  by  T.  M.  Cha- 
krd.  A,  from  near  SE.  corner  of  Sec.  13,  T.  47  N.,  R.  46  W.  B,  altered 
labase^same  locality.  0,  altered  diabase,  Aurora  Mine,  NE.  J  ot  SW. 
Sec,  T.  47  K,  B.  47  W.    D,  feldspar  separated  from  A. 


H|O.Btl05o.... 
HA  At  red  heat 

CO, 

PiO, 

SiO» 

TiO, 

AM), 

Fe^ 

Cr,0, 

PeO 

KiO 

MnO 

B»0 

CaO 

MgO 

K,0 

NajO 


A. 


.15 

2.34 

.88 

.13 

47.90 

.82 

15.60 

3.69 

trace 

'8.41 

.10 

.17 

.05 

9.99 

8.11' 

.23 

2.05 


100.12 


B. 


3.12 

8.25 

1.88 

.16 

46.85 
L12 

22.62 
5.12 


1.58 

.08 

154 

.10 

1.25 

2.01 

2.66 

.80 


100. 15 


c. 


.29 

13.54 

.88 

.14 

41.60 

3.79 

37.20 

3.21 


.30 


.08 

trace 

.23 

.02 


.07 


100.85 


D. 


j   1.19 
1.89 


51.18 


27.00 
8.19 


imdet. 


.17 


11.70 

1.92 

.41 

8.48 


100.24 


Penohee-OogeMcroeJcsfrom  Wisconsin. — A,  B,  C,  three  slates,  anal^^zed 
y  L.  G.  Eakins.  A,  from  Sec.  6,  T.  45  N.,  R.  2  E.  B,  from  Sec.  1,  T. 
5  K,  E.  1  E.    C,  from  Sec.  4,  T.  44  K,  R.  2  W. 


SiO,. 
A1,0, 
FeA 
FeO. 
MnO. 
CaO. 
MgO. 
K,0  . 
Na/) 

Li/)- 
H,0. 

PiO». 


63.44 

19.62 

11.38 

5.35 

trace 

.42 

1.56 

L73 

2.61 

trace 

4.07 

trace 


100.20 


B. 


58.73 

22.78 

.11 

5.98 

.09 

.53 

2.94 

3.48 

1.41 


8.28 


C. 

62.58 

20.76 

12.17 

4.08 

.21 

.30 

1.33 

4.87 

.87 

trace 

3.43 


100. 33     100. 10 
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D,  E,  E,  three  feldspars,  analyzed  by  T.  M.  Obatard.  D,  from  ^abbro, 
center  of  Sec.  U,  T.  44  N.,  R.  4  W.  £,  F,  from  olivine  diabasCi  N£.  \ 
Sec.  13,  T.  46  N.,  E.  1  W. 


H/),fttl05»  .... 
HfO.Btredheftt 

SiOi 

AlA 

Fe^ 

FeO 

MnO , 

C»0 

MgO 

K,0 

Na,0 


D. 

B. 

F. 

.03 

.54 

}  •"« 

.13 
.64 

51.90 

6L65 

56.15 

39.82 

19.91 

26.05 

1.23 

3.38 

1.98 

andet. 

nndet 

nodet. 

trace 

tnoe 

.13 

12.60 

4.12 

8.70 

.68 

.61 

.54 

.28 

6.73 

1.56 

3.01 

4.74 

4.79 

99.53 

99.96 

100.07 

Eruptive  rock  from  four  miles  southwest  of  Hot  SpringSj  Arkansas. 
Analyzed  by  L.  G.  Eakins. 

SiO* 36.40 

TiOa 42 

AI3O3 18.94 

Fe«03 8.27 

FeO 4.59 

CaO 14.46 

MgO 11.44 

KaO 3.01 

Na^O 97 

H2O 2.36 

COj 3.94 

PaOs 1.04 


99.84 


Recent  lava  from  two  miles  south  of  Mount  Trumiullj  Arizona.- 
Analyzed  by  L.  G.  Eakins. 

SiOs 45.30 

TiOa 2.66 

AlaOs 14.96 

FeaOs 1.98 

FeO 9.32 

MnO trace 

CaO 8.87 

MgO 8.29 

KaO. 1.27 

NaaO 4.27 

HaO 85 

PaOft 2.23 


-\ 


I 


9v.  99 
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Eruptive  rock  from  Castle  MountaiUj  Montana. — Analyzed  by  L.  G. 
Eakins. 

SiOa 44.66 

TiOa 1.02 

AlgOa 18.12 

Fe«Os.. 5.81 

FeO 3.20 

MnO 21 

CaO - 8.14 

MgO a  77 

KaO 2.75 

NasO 4.47 

H«0 '. 4.33 

CO* 2.19 

PaOs 2.02 


99.69 


Bocks  from  Northern  California. — Oollected  by  J.  S.  Diller.  A,  B, 
porphyritic  rocks  from  Shasta  County ;  analyzed  by  J.  E.  Whitfield.  A, 
east  fork  of  Clear  Creek,  nine  miles  from  French  Galch.  B,  Smith's 
Gulch,  six  miles  up  Clear  Creek  from  French  Gulch. 


A. 

B. 

SiO. 

66.30 

trape 

.28 

none 

.15 

17.55 

2.10 

.55 

trace 

3.12 

.07 

5.15 

2.45 

1.25 

64.24 
.76 
.22 
.25 
.08 

i&er 

1.40 
1.06 
trace 
4.11 
1.48 
4.14 
1.71 
1.UB 

TIO« 

SO. 

CI 

P-0. 

AUO. 

Fe,0« 

FeO 

MnO 

CaO 

MkO 

ITajO 

K-O 

H.0 

• 

00.96 

100.20 

BaU.64- 


50 


WASHINGTON   LABOEATOBY. 


[BULL.  64. 


0,  D,  two  rocks  from  three-foarths  of  a  mile  below  John  Allen's,  Dry 
Greek,  Shasta  Ooanty.  E,  from  John  Allen's.  F,  from  two  and  one-half 
miles  above  John  Allen's.    Analyses  by  Whitfield. 


sio,. 

TiO,. 
S0|.. 

ci... 
p«o,. 

A]«0« 

FeiOs 

FeO.. 

MnO. 

CaO.. 

MgO 

Na/) 

KjO-. 

COk.. 

H,0  . 


C. 


50.10 

.70 

trace 

trace 

trace 

14.02 

3.16 

1.42 

trace 

9.85 

1.72 

2.21 

1.49 

4.65 

2.68 


D. 


100.45 


6L60 
trace 

.27 
trace 

.08 
12.15 


S. 


54.55 

trace 

.10 

.12 

.10 

10.64 


2.09 

1.59 

3.30 

1.16 

trace 

1.53 

6.92 

14.30 

2.33 

1.29 

2.16 

2.60 

1.41 

1.68 

6.05 

9.05 

3.10 

1.60 

100.46 

100.31 

r. 


60.74 

.86 

.40 

trace 

trace 

10.25 

4.31 

6.21 

trace 

4.97 

8.69 

L83 

.52 

2.29 

4.36 


100.43 


O,  ernptive  rock,  Great  Bend  of  Pit  Biver.   H,  black  obsidian,  Medi- 
cine Lake,  Modoc  Ooanty;  analyses  by  L.  G.  Eakins. 


a. 

H. 

sio, 

44.77 

.58 

.72 

17.82 

6.05 

6.95 

trace 

10.36 

&22 

2.18 

.92 

2.64 

73.51 

.04 
14.42 

.46 

1.49 

trace 

1.26 

.33 
4.03 
4.29 

.40 

TiO. 

PjO.  

AW). 

FCiOk 

FeO 

MnO........... 

CaO 

UaO 

Na,0 

K,0 

H«0 

ID0.ll 

100.23 
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a  SOILS  AND  CLATS. 

A,  kaolin  from  Talladega,  Alabama.  B,  clay  from  Bichfleld  Springs, 
I^ew  York;  partial  analysis.  0,  D,  two  clays  from  Northumberland 
County,  Pennsylvania;  analyses  by  Oharles  Gatlett. 


HA  At  120° 

HiO,  at  red  heat 

SiO, 

Al^ 

FMH 

CaO 

MgO 

KjO 

Na,0 


A. 

B. 

C. 

D. 

5.02 
13.48 

|l8.18 

1  6.28 

1  6.87 

43.21 

49.65 

6Su97 

50.16 

87.27 

|23.82 

20.37 

18.68 

trace 

2. 75 

10.82 

.11 

6.48 

.64 

.52 

.10 

trace 

.52 

.67 

.28 

andet 

8.32 

3.35 

.40 

uodet. 

.05 

.11 

99.87 

96.18 

90.90 

99.68 

B,  P,  G,  H,  adobe  soils.  J3,  from  Santa  P6,  New  Mexico.  P,  Fort 
Wingate,  New  Mexico.  6,  Humboldt  City,  Nevada.  H,  Salt  Lake 
City,  Utah.    Analyses  by  L.  6.  Eakins. 


810, 

A1,0, 

Fe,0, 

MnO 

CaO 

MrO 

K/) 

Na,0 

CO, 

P.O. 

SO, 

CI 

H,0..... 

Organio  matter 


B. 

r. 

G. 

H. 

66.69 

26.67 

44.64 

19.24 

14.16 

.91 

13.19 

9.26 

4.38 

.64 

5.12 

LOO 

.09 

trace 

.13 

trace 

2.49 

36.40 

13.91 

88.94 

1.28 

.51 

2.96 

2.76 

1.21 

trace 

1.71 

trace 

.67 

trace 

.59 

trace 

.77 

25.84 

8.55 

29.57 

.29 

.75 

.94 

.23 

.41 

,82 

.64 

.63 

.34 

.07 

.14 

.11 

4.94 

2.26 

8.89 

L67 

2.00 

&10 

3.43 

2.96' 

99.72 

99.97 

99.84 

100.35 

9.  ORES  OF  IBON  AND  MANGANESE. 

Manganese  ore,  PowelPs  Port,  east  end  of  Massanatten  Mountain. 
Warren  County,  Virginia.    Analysis  by  Charles  Catlett. 

SiOa 9.20 

Fe 3.07 

Mn 4dri9 

P % 349 

S U 
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Iron  and  manganese  "ores,  Montebello,  Nelson  Ooonty,  Yirginia. 
Analyses  by  Gatlett. 


Iron. 

KMiganeae. 

SiO, 

16.47 

1.68 

Fe 

61.10' 

2.60 

Mn 

.66 

46.09 

p 

.152 
.11 

.464 
.21 

8 

Ores  from  Rockbridge  Oonnty,  Yirginia;  analyzed  by  T.  M.  Ohatard. 
A,  top  of  hill  above  Hart's  Bottom,  oneand  three- fourths  miles  southwest 
of  Green  Forest  Station,  near  Lockland  Station.  B,  Moorman  Quarry, 
Green  Forest.  G,  new  opening,  No.  2,  Buena  Yista.  D,  opening,  No.  3, 
40-foot  vein,  Buena  Yista.  E,  Chalk  Mine  Branch.  F,  Old  Colonial 
opening,  Buena  Yista. 


A. 

B. 

C. 

D. 

£. 

F. 

HjO.IOSO 

Insoluble 

SolnhleAlsOs-.. 
TiOt 

.72 

20.40 

1.67 

.16 

8.11 

.15 
13.47 

.39 

22.55 

.37 

.60 

16.60 

L81 

.46 

8.05 

.46 

.48 
5.48 

JVbO, 

WiO 

"  76.19 

06.58 
.27 
.22 

7L16 

7&24 

82.15 

MnO 

BoO 

63.91 
.23 
.33 
.50 

.45 

.11 

.66 

.19 

SOi 

.14 
.26 

.00 
.42 

.37 
.50 

tr»ce 
.88 

.08 
1.04 

P-Oi 

Po 

Mn 

2.18 

41.59 

.22 

.12 

68.33 

46.00 

49.81 

54.76 

57.50 

p 

.11 
.06 

.18 
.03 

.22 
.14 

.88 

.45 
.02 

s 

Two  manganese  ores.     Cripple  Creek,  eight  miles  from  Wytheville, 
Virginia.    Analyses  by  C.  Catlett.  • 


Si0» 
Fe.. 
Mn. 

p... 
s... 


1. 

2. 

47.30 

27.86 

2.72 

8.61 

24.85 

82.55 

.05 

.097 

trace 

.030 

Iron  ore  from  Shanghai,  West  Yirginia.    Analyzed  by  C.  Catlett. 

SiOa 45.24 

Fe 26.0a 

Mn : 43 
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Two  iron  ores  from  Kentucky ;  analyzed  by  J.  E.  Whitfield.  A, 
Gloverport  Boad,  two  miles  north  of  Fordsville,  Ohio  Gonnty.  B,  north 
slope  of  Pine  Moantain,  three  miles  east  of  Pineville,  Bell  County. 


BiO,  .... 
TIO*.... 

CI 

SO, 

PA.... 

AW),... 

FeA" 
PeO.... 
MnO.... 
CaO  .... 
MgO..., 
Ignition 

Po 

P 

S 


A. 


86.67 

trftoe 

trace 

.42 

1.42 

6.19 

42.31 

.86 

.84 

1.90 

1.07 

9.69 


99.82 


29.86 
.71 
.16 


B. 


17.28 
trace 


.40 

trace 

.36 

68.24 

trace 

.96 

.83 

.92 

11.60 


100.67 


47.77 


.16 


Iron  ore.  Douglass  Mine,  Glinton  Horizon,  one  mile  west  of  Big 
Greek  Gap,  Gampbell  Goanty,  Tennessee.  Analyzed  by  W.  F.  Hille- 
brand. 

SiO« 10.51 

Fe 54.29 

Mn 30 

P 355 

S 043 

Two  iron  ores ;  analyzed  by  C.  Catlett  A,  from  Edgefield  Gounty, 
South  Garolina.  B,  north  part  of  Howard  Gounty,  Arkansas. 


A. 

B. 

SiOi 

9.40 
62.40 

trace 
.664 
.08 

28.10 
29.57 
2.19 
.483 
.04 

Fe 

Mn 

P 

s 
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10.  COAL  AND  COKE. 

Three  coals.   Baccoon  Pork  of  Cabin  Greek,  Kanawha  County,  West 
Virginia.    Analyzed  by  E.  L.  Howard. 


1. 

2. 

8. 

Moisture 

YolaUle  matter... 

Fixed  carbon 

Aah 

1.03 
37.00 
67.00 

3.08 

2.15 
23.85 
61.85 
12.05 

1.67 
41.36 
53.22 

8.75 

Snlohiir 

100.00 

100.00 

100.00 

.62 
dirty  white 

.46 
Ugbt  gray 

.80 
reddish 

Ash 

Coal  and  coke.    Davis  Mine  Ko.  1,  near  North  Fork  of  Blackwater, 
Tucker  Connty,  West  Virginia.    Analyzed  by  Charles  Catiett. 


Coal. 

Coke. 

Moisture  ......... 

.80 

26.84 

67.18 

5.18 

.18 

1.40 

80.60 

7.73 

Volatile  matter ... 

Fixed  carbon 

Ash 

Sniphur 

100.00 

100.00 

1.68 
very  light  red 

.771 
light  red 

Ash 

Five  coals.  Campbell  County,  Tennessee;  A,  B,  C  analyzed  by  W.  P. 
Hillebrand;  D,  E  by  Charles  Catiett.  A,  Douglass  Bank,  Middle  Fork 
of  Big  Creek,  one  and  one  half  miles  from  Gap,  lower  coal-measures. 
B,  Walnut  Mountain,  head  of  Hickory  Creek,  Clear  Fork  of  Cumber- 
land River,  2,850  feet  above  sea-level,  upjier  coal-measures.  C,  Middle 
Fork  of  Big  Creek,  lower  coal-measures.  D,  East  Fork  of  Big  Greek. 
Ey  Middle  Fork  of  Big  Creek,  three  miles  from  Big  Creek  Gap. 


A. 

B. 

c. 

D. 

E. 

Mointnre. .......  ^  - 

1.40 
30.00 
53.30 

6.21 

2.05 
38.51 
55.42 

3.12 

1.11 
35.50 
28.00 
80.31 

1.70 
30.41 
55.36 

8.53 

7.60 
34.80 
63.14 

4.87 

Volatile  matter... 

Fixed  carbon 

Aah 

B 

100.00 

100.00 

100.00 

100.00 

100.00 

1.53 
.041 

.87 

2.78 

1.07 

.64 

P 

A  rough  test  on  C  showed  that  one  ton  of  coal  should  yield  40,000 
onbic  feet  of  gas. 


s 
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Also  two  cokes,  analyzed  by  C.  Catlett.  F,  Walnut  Monntain,  Hickory 
Greek.    G,  from  Sharp  coal,  Left  Fork  of  Big  Greek. 


■■   1 — 

F. 

G. 

Molstare 

.20 

2.01 

».50 

12. 2S 

.50 

1.86 

81.71 

5.84 

YolatUe  matter... 

Fixed  carbon 

Aah 

S 

100.00 

100.00 

.886 
.040 

.70S 
andet 

p 

Tbirty-two  coals  from  Gunnison  County,  Colorado.  Collected  by  G.  H. 
Eldridge,  and  analyzed  by  L.  G.  Eakins. 
From  Anthracite  Creek  Mines. 

Moisture 3.95 

Volatile  matter 4.65 

Fixed  carbon ; 82.34 

Aah 9.06 


100.00 


S 63 

P.  in  ash 07 

Specific  gravity 1.644—24.4° 


Ash,  light  red ;  no  coke. 

From  Green  Mountain,  Denver  Beds. 


Moistare 8.91 

Volatile  matter 46.16 

Fixed  carbon 44.46 

Ash * 47 


100.00 


S 47 

Specific  gravity 1.381—22.50 

Ash,  light  red ;  coke  moderately  coherent. 
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From  Ohio  Greek  Mines,  Nos.  1  to  11. 


(BITT.U.6L 


1. 

2. 

3. 

4. 

6. 

! 

Moifltare 

7.39 
.89.43 
47.88 

6.35 

8.46 
89.01 
46.68 

5.85 

a26 
89.96 
46.86 

6.42 

1.61 
13.05 
80.29 

6.06 

I 

1.34 

Volatile  matter . 
Pixed  carbon  . . . 

80.25 

62.38 

&03 

Aah 

6 

100.00 

100.00 

100.00 

100.00 

100,0c 

1.47 

.76 

.68 

.06 

1.881,  25° 

light  red 

cokes  slightly 

.50 

.44 

P.  in  aeh  .....1.--      

.ot' 

Si>eciflo  gravity. 
Aah 

;.828,23o 
reddish  gray — 
foirly  coherent 

1.334,  21.6° 

light  red 

cokes  slightly 

1.407,280 

.   red 

none 

1.325,220 

red 

Coke 

firm,  solid 

6. 

7. 

8. 

9. 

10. 

IL 

1 

Moistare  ..*.... 
Volatile  matter. 
Fixed  carbon... 
Ajh i... 

6.26 
40.02 
46.36 

&45 

6.37 
38.06 
49.75 

5.82 

6.39 
39.26 

4a  41 

5.94 

1.07 

26.22 

.  6e.36 

4.85 

L23 
26.65 
68.27 

8.85 

.81  1 
9.96 
82.33 
6L90  ' 

S 

00 

100.00 

100.00 

100. 

100.00 

100.00 

lUO.OO 

.47 

.46 

.46 
.03 
1.337,  230 
red  ...... 

.60 
.05    . 
1.819.  220 

red 

fair 

.61 

1.06 

P.  In  ash 

Specific  gravity. 
Ash 

1.8S4,  210 
reddlah  yellow 
fldr 

1.845,  21.60 
reddish  yellow.. 

sliffhtlv  cnh  Anint. 

1.317, 220 

red 

fWr 

pi 
m 

1.426,  2S.8P 
inkish  gray. 
Bne 

Ooke 

fair 

"*»B"«»J  ^^ 

From  Siate  Greek  Mines,  l^os.  12  to  21. 


Moisture 

Volatile  matter 
Fixed  carbon... 
Ash 


B 

P.inash 

Specific  gravity. 

Ash 

Coke 


18. 


1.29 

7.92 

85.71 

5.08 


100.00 


.67 


1.428,23.4° 

red 

none 


13. 


1.36 

7.58 

85.49 

5.62 


100.00 


.54 

.05 

1.440,21.80 

red 

none 


14 


1.86 

6.68 

86.25 

&21 


100.00 


.69 

.03 

1.465,26.40 

red 

none 


15. 


16. 


1.35 

6.69 

72.34 

19.72 


100.00 


.66 


1.481,2^.20 

gray 

none 


1.80 

7.55 

80.44 

10.71 


100.00 


.58 

.32 

1.502,22.80 

light  red. 

none 


Moistare 

Volatile  matter . 
Fixed  carbon  ... 
Ash 


17. 


1.58 

6.70 

87.46 

4.26 


100.00 


.58 


1.455,22.80 

red 

none 


18. 


1.22 

8.46 

84.20 

6.12 


100.00 


.76 


1.409,220 
red  ... 
none .... 


19. 


1.27 

7.99 

87.24 

3.50 


100.00 


.62 


1.409, 23.30 

red 

none 


20. 


1419 

81.99 

8.60 


10J.00 


\ 


.52 

n<Hie 

1.360, 20.40 

light  red 

cokes  slightly. 


2L 


.81 

13.40 

81.26 

453 


100.00 


.51 


L371,20  8o 

red 

cokes  slightly. 
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22. 

23. 

24. 

25. 

Moifltxm 

1.86 
37.12 
57.73 

3.79 

1.47 
88.09 
56.68 

3.76 

1.94 
41.07 
51.48 

5.51 

2.36 
40.82 
50.49 

6.33 

Volatile,  matter. . 
Fixed  oarbon. . . . 

Anh^ 

8 

m     •  • 

100.00 

100.00 

100.00 

100.00 

.49 

.47 
.07 
1.276.  21° 
light  red., 
good 

.63 
trace 

1.04 

P.  in  ash 

Specific  gravity . 
Ash 

1.288,  22.60 
light  red... 

irood 

1.311,  21.10 

red 

good 

1.832,  220 

red 

good 

Coke 

26. 

27. 

26. 

29.                      80. 

Moistare 

Volatile  matter. 
Fixed  cftrbon... 
Ash 

1.88 
89.61 
64.42 

4.19 

2.09 
4L74 
52.07 

4.10 

1.76 
42.00 
5L07 

4.27 

a.  96 
87.17 
5Z84 

6.54 

4.88 
87.86 
5L65 

5.66 

8 

100.00 

100.00 

100.00 

100.00 

100.00 

.68 

.AS 

.75 

.42 

.68 

P.  in  ash  

tra 
1.2 
rec 

M^e 

Speoiflo  gravity. 

Aah , 

Coke 

1.288,  24.80 

red 

good,  solid 

89,26.60 
I 

'  1.286,  20© 
light  red.. 
!;ood 

re< 
ha 

1.328,  22.40 
i 

1.349,  21.20 

red 

fair 

ad 

rd,  oompaot. 

11.  ANALYSES  OP  WATERS. 

Analyzed  by  T.  M.  GhataFd.  A,  from  the  Murray  Well,  one  mile 
north  of  Frankfort,  Kentucky.  Slight  odor  of  HaS.  Specific  gravity, 
.99984,  220. 


sio« 

Fe 

Ca 

Sr! 

Mg 

K 

Na 

Li 

SO4 

CI 

COj 

COi,free 

NH, 

H,  in  bicarhonates 


Fonnd. 
grammes 
per  liter. 

Per  cent, 
of  total 

contents. 

1 

.0096 

.61 

.0014 

.08 

.0213 

1.85 

.0122 

.71 

.0189 

1.20 

.0207 

1.31 

.4604 

29.35 

traoe 

.1873 

11.93 

.5218 

33.23 

.2929 

18.74 

.0172 

1.09 

.0015 

.09 

.0049 

.31 

1. 5701 

1 

100.00 

CO, 

NH. 

KCl 

NaCl 

Ka,S04... 
FeH,C,0«. 
CaHiC,0«. 
SrHsCsOsf 
MgH/5^, 
NaHCO,.. 
810, 


Combina- 
tion. 


.0172 
.0016 
.0396 
.8287 
.2770 
.0045 
.0862 
.0269 
.1150 
.1639 
.0096 


1.5701 


The  strontium  is  doubtful,  and  may  be  only  a  strong  tv^jt^*^. 
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By  spring  water  from  Mountain  Gity,  Tennesstee.    Statement  like  the 
preceding. 


I 


SiOi 

Pe 

Al 

€• 

Mg 

N« 

K 

CI 

SO4 

COi 

H,  bioarboliates 


Found. 

Per  cent. 
oftoUL 

.0210 

2L26 

.0008 

.78 

trace 

.0110 

11.26 

.0018 

1.76 

.0046 

4.47 

.0032 

3.11 

.0012 

L16 

.0182 

12.81 

.0440 

42.72 

.0007 

.68 

.1030 

100.00 

sto, 

FeHsCsOs. 
CaHxCjOf. 
MgHsCQt 
CaS04  .... 
Na,S04  .. 
K,S04  .... 
KCl 


Combin*- 
tion. 


.0219 
.0026 
.0448 
.0110 
.0018 
.0142 
.0042 
.0025 


.1080 


0,  the  Grace  Spring,  seven  miles  north  of  Mountain  City,  Tennessee, 
on  the  road  to  Abingdon,  Virginia,  near  Laurel  Bloomery  post-office. 
Specific  gravity,  1.00038,  I8.60. 


810, 

Fe 

C* 

Mg 

K 

Ne 

CI 

8O4 

CO, 

H,  blcarbonatM. 


* 

Foand. 

Percent, 
of  toul. 

.0125 

LOO 

trace 

•  ••*••  •  « 

.2334 

20.31 

.0580 

5.05 

.0046 

.40 

.0047 

.41 

.0011 

.09 

.6007 

60.89 

.1320 

11.57 

.0022 

.19 

1.1401 

100.00 

SiO, 

KCl 

K,S04  ... 
NHSO4  . . 
MgS04... 
CaS04  ... 
CaHtCO, 


Combina- 
tion. 


.0125 
.0023 
.0075 
.0145 
.2900 
.6429 
.1794 


1.1491 
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D,  drinking  water,  Savannah,  Georgia.    Stated  in  grammes  per  liter. 


Suspended  matter  (organic) . . 
Suspended  master  (inorganic) 
SiO, 

Al,0|,FeA 

Ca..*. -. 

Mg 

Na 

CI 

9O4 

00, 

^Ha,  free 

NHa,  albaminoid 

H,  bioarbonates 


Found. 


.0020 
.0005 
.0624 
.0006 
.0279 

.ooa*^ 

.0075 
.0061 
.0081 
.1262 
trace 
none 
.0020 


,2518 


Combina- 
tion. 


Saspendfd  matter 

SiO, 

A1,0»  Fe/)i 

NaCl 

Na,S04 

CaH,C,0, 

MgH,C,0^ 


.0025 
.062i 
.0006 
.0007 
.0120 
.1129 
.0517 


.2518 


E,  two  artesian  well  waters  from  St.  Angastine,  Florida,    (a)  six- 
inch  well. 


Saspended  matter. 

SiO, 

A1,0, 

Ca 

Mg... 

Sr 

Na 

K 

CI 

SO4 

CO,... 

H,  bioarbonates . . . 


Found. 

Percent, 
of  total 

.0037 

.24 

.0224 

1.43 

.0005 

.03 

.1276 

8.16 

.0726 

464 

.0081 

.52 

.2743 

17.54 

.0147 

.94 

.5469 

84.97 

.3253 

20.81 

.1650 

10.55 

.0027 

.17 

1.5638 

100.00 

Saspended  matter 

SiO, 

AW), 

Naa 

KCl 

MgCl, 

SrS04 

CaS04 

MRSO4 

MgHKW>, 

CaH,C,0« 


Combina* 
tion. 


.0037 
.0224 
.0005 
.6979 
.0281 
.1470 
.0170 
.4838 
.0127 
.2007 
none. 

1.5688 
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(6)  twelve-inch  well. 


SuBpended  matter 

SiOj 

A1,0, 

C* 

Mg 

Sr 

»• 

K 

CI: 

S0« 

COi 

H,  bicftrboiMtes. . 


Found. 

Percent 
of  total. 

.0010 

.05 

.0280 

•  .88 

.0012 

.04 

.1755 

5.60 

.1180 

8.64 

.0088 

.28 

.7885 

24.12 

.0248 

.77 

1|4760 

46.22 

.8421 

10.73 

.2442 

7.64 

.0041 

.18 

8.1908 

100.00 

Suapeftded  matter 
sio,: 

AhQt 

NaCl 

KCl 

MgClf 

SrSOi 

CaS04 

Mg804 

MrHjCjO, 

CaH|C«Ob 


Ck>inbina- 
tion. 


.0016 
.0280 
.0012 
1.8577 
.0476 
.8584 
.0186 
.4709 
none., 
.1621 
.1498 


3.1909 


F,  f]X)m  well  fonr  miles  northwest  of  Clinton,  Hinds  Gounty,  Missis- 
sippi.   No  carbonates  present. 


Suspended  matter. 

810, 

A1,0, 

Fe,0, 

Al  in  sulphate 

Mn 

Ca 

Mg 

Na 

K 

SO4 

CI 


Found. 

Percent, 
of  total. 

.0028 

.18 

.0750 

4.82 

.0077 

.49 

trace. 

.0081 

.52 

.0010 

.06 

.1980 

12.72 

.0739 

4.78 

.1234 

7.92 

.0088 

.56 

.9852 

63.30 

.0724 

4.65 

1.6568 

100.00 

Suspended  matter 

SiO, 

A1,0, 

AMSO4). 

MnSO« 

CaSO* 

MgS04 

Na,S04 

NaCl 

KCl 


Comblna* 
tion. 


.0028 
.0750 
.0077 
.0504 
.0028 
.6732 
.8695 
.2519 
.1068 
.0167 


1.5663 
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Pennsylvania,  Ohio,  and  West  Virginia  |  by  |  Israel  C.  White  | 
[Vignette]  | 
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The  pnbUMtimii  of  the  United  St»tee  Geologieel  Sorr^  we  Imed  In  Mcodenee  yriHh  the  statute 
epprored  Mareh  8, 1879,  whioh  deolene  that— 

"  The  pnhUoatlooa  of  the  Oeologioal  Snxreyahall  eonalat  of  the  annnal  reportof  operations,  geological 
and  eoonomio  maps  illnstrating  the  Tesonroes  and  olassifioation  of  the  lands  and  reports  upon  general 
and  eoonomio  geology  and  paleontology.  The  annnal  report  of  operations  of  the  Geological  Surrey 
ahall  aooompany  the  annn^  report  of  the  Secretary  of  the  Interior.  AU  special  memoirs  and  reporto 
of  said  Snrrey  shall  be  issned  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other* 
irise  in  ordinary  octaToa.  Three  thousand  copies  of  each  shall  be  puhiished  f6r  sdentiflc  exchanges 
and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  reoeired  in  exchange 
shaU  be  the  property  of  the  United  States  and  form  a  paft  of  the  library  of  the  organisation ;  and  the 
money  resulting  from  the  sale  of  aueh  pubUoations  shall  be  covered  finto  the  Treasury  of  the  United 
States." 

On  July  7, 1882,  the  foflowing  joint  resolhtion,  referring  to  all  Government  publicationa,  waa  passed 
1^  Congress: 

'*  That  whenerer  any  docoment  or  report  shall  be  ordered  printed  by  Congrsss,  there  shall  be  printed. 
In  addition  to  the  number  in  each  case  stated,  the  *  usual  number'  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receiye  them.'* 

Bxeept  in  those  cases  in  which  an  extra  number  of  any  publication  haa  been  supplied  to  the  Surrey 
by  special  resolution  of  Congress  or  haa  been  ordered  by  the  Seoretary  of  the  Interior,  this  office  has 
no  eopioB  for  gratuitous  distribution. 
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L  Tint  Annual  Beport  of  the  United  States  Gedogieal  Surrey,  by  Clarence  Xing.  1880.  9P.  79  pp. 
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9P,    xxxvi,  469  pp.    86  pL  and  maps. 
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9P,    xxix,  570  pp.    66  pL  and  maps. 
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89.    zx,  666  pp.    71  pL  and  maps. 
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9^   9v.    xiz,  474,  xii  pp.    68  pL  and  maps ;  1  p.  L  476-108S  pp.    64-76  pL  and  maps. 
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9P.    xiii,  717  pp.    88  pi.  and  maps. 
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9P,    2v.    zv,  774  pp.    98  pL  and  maps ;  vlii,  128  pp. 
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I.  Lake  Bonnevine,  by  Grove  Karl  Gllberl    1890.    4^.    xx,  488  ppb    61  pL    1  map.    Priee  $1.50. 

XL  Tertiary  IBQstory  of  the  Grand  Cafion  District,  with  atlas,  by  Clarence  E.  Dutton.  Capt.  U.  8.  A. 
^882.    4P.    xiv,  284  pp.    42pl.  and  atUsof  24  sheeto  folio.    Price  $10.00. 

HL    Geologyof  the  Comstock  Lode  and  the  Washoe  DiRtricti  with  atlas  by  George  F.Becker.    1882. 
4fi,    zv,  422  pp.    7  pL  and  atUs  of  21  sheeto  tolio.    Price  $11.00. 
•    lY.  Comatocklllning  and  Miners,  by  Eliot  Lord.    1883.    4^.    xiv,  451pp.    8  pi    Price  $L80l 


n  ADVERTISEMENT. 

T.  The  CoppeT^Besring  Rt>oks  of  Lake  Superior,  by  BoUnd  Dner  Xrriiig.  1883.  4P.  zrt,  4M  pp. 
15  L    29  pi.  and  maps.    Price  $  I  ^C. 

VI.  Contribations  to  the  Knowledge  of  the  Older  Meeoxoio  Flora  of  Virginia,  by  WflUam  Horria 
Fontaine.    1883^    io.    zl,144pp.    MV    MpL    Price  $1.05. 

VIL  SOrer-Lead  Deposita  of  Bareka,  Nevada,  by  Joseph  Stoty  Curtia.  1884.  4o.  xUI,  20O  pp.  16 
pL    Price  $1.20 

Vm.  Paleontology  of  the  Bareka  Diatriot)  by  Charlea  DoolitUe  Waloott  1881.  4P,  ziii,  298  pp. 
ML    Sipl.    Price $1.10. 

IX  Braohiopoda  and  liamellibranchiata  of  the  Baritan  Claya  and  Greenaand  liarla  of  Kew  Jeraey, 
by  Bobert  P.  Whitfield.    1886.    40.    zz,  S38pp.    85  pL    ImAp.    Price  ILIS. 

X.  Dinoceraia.  A  Monograph  of  an  Extinct  Orderof  OigantioKammala,  by  OthnielCharies  Marsh. 
1886.    40.    xTiii,24Spp.    56  L    56  pL    Price  $2.70. 

XL  G^logical  Hintory  of  Lake  Lahontan,  a  Quaternary  Lake  of  Northwestern  Neyadai  by  larael 
Cook  Boseell.    1885w    4o.   ziv,288pp.    46  pL  and  maps.    Price  $1.75. 

Xn.  Qeology  and  Mining  Industry  of  Leadyille,  Colorado,  with  atlas,  by  Samael  IVanklin  Bnimona. 
1886.    40.    xxix,770pp.    45  pL  and  athM  of  35  sheets  folio.    Price  $8.40. 

Xin.  Geology  of  the  QnioksilTer  Deposits  of  the  Pacific  Slope,  with  atlas,  by  George  F.  Becker. 
Iffla    40.    xlz,  486  pp.    7  pL  and  atlas  of  U  sheets  folio.    Price  62.00. 

XIV.  FossU  Fishes  and  Fossil  Plants  of  the  Triassio  Bocks  of  New  Jersey  and  the  Goaneotictit  Val- 
ley, by  John  S.  Newberry.    1888.    40.    xIt,  152  pp.    26  pi.    Price  $1.00. 

XV.  The  Potomac  or  Yonnger  Meeosoio  Flora,  by  William  Morris  Fontaine.  1889.  4^.  ziv.  377 
pp.    180  pL    Text  and  plates  boand  separately.    Price  $2.50. 

XVL  The  Paleosoio  Fishes  of  North  America,  by  John  Strong  Newberry.  1889.  4P.  840  pp.  58  pL 
Price  $1.00. 
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XVIL  The  Flora  of  the  Dakota  Group,  a  posthxunons  work,  by  Leo  Lesqaerenz.  Bdited  by  F.  H. 
ICnowlton. 

—  Gasteropoda  of  the  New  Jersey  Cretaoeoas  and  Bocene  Marls,  by  B.  P.  Whitfield. 

•~  The  Pehokee  Iron-Bearing  Series  of  Northern  Wisconsin  and  Michigan,  by  Boland  D.  Irving  and 
C.RVanHise. 

—  MoUnsca  and  Crostacea  of  the  Miocene  Formationa  of  New  Jersey,  by  B.  P.  Whitfield. 

—  Geology  of  the  Bareka  Mining  District^  Nevad*,  with  atlas,  by  Arnold  Hagae. 

—  Sanropoda,  by  O.  C.  Marsh. 

—  Stegosaoris,  by  O.  Ok  Marsh. 

—  Brontotheride,  by  O.  C.Marah. 

~  Beport  on  the  Denrer  Coal  Basin,  by  S.  F.  Bmmons. 

—  Beport  on  SUrer  Cliff  and  Ten-Mile  Mining  Districts,  Colorado,  by  8.  F.  Bmmom. 

—  Flora  of  the  Dakota  Group,  by  J.  S.  Newberry. 

—  The  Glacial  Lake  Agassis,  by  Warren  Upham. 
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Geological  Sketch  of  Buflalo  Peaks,  Colorado,  by  S.F.  Bmmons.    1883.    8^.  42  pp.  2pL  Prtce  10  cents. 

2.  Gold  and  Silver  Conversion  Tables,  giving  the  coining  values  of  troy  ounces  of  fine  metal,  etc,  <fom- 
pnted  by  Albert  Williams,  Jr.    1883.    8°.    8  pp.    Price  5  cents. 

3.  On  the  Fossil  Faunas  of  the  Upper  Devonian,  along  the  meridian  of  76o  80',  fh>m  Tompkins  County, 
New  York,  to  Bradford  County,  Pennsylvania,  by  Henry  S.  Williams.    1884.  8^.  86  pp.  Price  5  cents. 

4.  On  Mesoxoio  Fossils,  by  Charles  A.  White.    1884.    9P.    86  pp.    9  pL    Price  5  cents. 

5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett  1884.  8^.  825  pp. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.    1884.    8^.    43  pp.    Price  5  cents. 

7.  Mapoteoa  Geologioa  Americana.  A  Catalogue  of  Geological  Maps  of  America  (North  and  South), 
1752-1881,  in  geographic  and  chronologic  order,  by  Jules  Marcou  and  John  Belknap  Marcon.  1884. 
90.    184  pp.    Price  10  cents. 

8.  On  Secondary  Bnlargements  of  Mineral  Fragmenta  in  Certain  Bocks,  by  B.  D.  Irving  and  C.  B. 
VanHise.    1884.    B9.    56  pp.    6  pi.    Price  10  cents. 

9.  A  report  of  work  done  in  the  Washington  Laboratory  during  the  fiscal  year  1883-^4.  F.  W.  Clarke, 
ehief  chemist.    T.  M.  Chatard,  assistant  chemist    188^    9P.    40  pp.    Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  atudies,  by  Charles  DoolitHe  Waloott 
1884.    9P,    74  pp.    10  pL    Prioe5centa. 

IL  On  the  Quaternary  and  BeoantMoUusca  of  the  Great  Baelnt  with  Descriptions  of  New  Forms,  by 
B.  Ellsworth  CalL  Introduced  by  a  aketoh  of  the  Quaternary  Lakes  of  the  Great  Basin,  by  G.  E. 
Gilbert    1884.  B9.  66  pp.  6  pi.  Price  5  cents. 

12.  A  CrystaUographic  Study  of  the  Thinolite  of  Lake  Lahontan,  bjy  Bdward  8.  Dana.  1884.  9P, 
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•  LETTER  OF  TRANSMITTAL. 


Dbpabtment  of  the  Intebiob, 

U.  S.  Geological  Subvby, 

Appalachian  Division, 
Morgantow7iy  W,  Fa.,  July  15,  1890. 

SiB:  I  have  the  honor  to  transmit  herewith  the  results  of  my  stady 
of  the  stratigraphy  of  the  bitaminoas  coal  rocks  in  the  northern  half 
of  the  Appalachian  field. 

As  stated  in  the  body  of  this  report,  it  can  not  be  expected  that  this 
first  attempt  to  correlate  the  different  beds  of  coal,  limestone,  and  sand- 
stone over  such  a  wide  area  will  be  free  from  error,  but  it  represents 
my  best  efforts  to  harmonize  the  strata  of  the  several  regions.  No 
one  knows  better  than  I  that  many  of  the  identifications  suggested  are 
largely  preliminary,  and  I  not  only  expect  but  request  the  friendly 
criticism  of  my  brother  geologists,  knowing  that  all  will  be  pleased 
when  the  correct  order  of  these  interesting  deposits  shall  be  finally 
determined. 

Many  questions  of  great  geological  interest  have  not  been  discussed 
in  this  report,  for  the  reason  that  I  thought  it  best  to  postpone  their 
treatment  until  some  one  should  have  done  for  the  southern  half  of  the 
Appalachian  coal  field  what  I  have  attempted  for  the  northern  half, 
since  the  field  is  a  unit  from  Pennsylvania  to  Alabama,  and  in  the  dis- 
cussion should  be  treated  as  such. 

It  is  hardly  necessary  to  say  that  the  accompanying  map  is  not  pre- 
sented with  any  claim  for  accuracy  as  to  details,  but  only  to  show  iu  a 
rough  way  the  general  distribution  Of  the  different  members,  and  with 
the  hope  that  it  may  prove  of  some  service  in  the  preparation  of  a  cor- 
rect map  of  these  several  series  when  the  Survey  shall  have  extended 
rts  topographic  work  over  the  entire  region. 

Very  respectfully,  your  obedient  servant, 

I.  C.  White. 

Hon.  J.  W.  Powell, 

Director  U.  8.  Geological  Survey j  Waahingtonj  D.  C. 

15 


4 


1 

I 


■  ^-*^^M 


BULLETIN  NO.   65      PL.   II 


III 


I 


^O  - rARB.   MEASURES, . 

UPPER  COAL Itzyiy.^ :.'k'--r^7'y\^<^^-'^r0^^^^^^^^-^' 
*^!;^>.jjj-p,  I.  ii,,,.,  r  .'I,,  l'^.  .:..;:■■,.  :^:.  '•■.-i/i. ..>;.: ..  .^)  (/.cm. 


\  L.C.M, 


III 

o 

o 

£ 

o 
b: 
Ii. 

5 


ScCtXr^ME^. 


Fig,  K 

tizoNTAL  Scale  5 


e 

3 


r 


>\^^;;;^^^I^v>;.^::  •■;;;, ,/,;:;.i->;'^Jj^rT7W 


Fig.  Z. 

pNTAL  Scale 

CAL  ^' 


TopofUpnerCoal 

Barrpn 
Measure! 

Lower  Coftl 
Measures 


Conglom'to 
Measuraa 


36o4 

36o 


ACROSS  THE  APPALACHIAN  C 

the  eastern  eilge  of  the  Alleghd 
'  the  thickening  of  the  several  \ 


STRATIGRAPHY  OF  THE  BITUMINOUS  COAL  FIELD 
IN  PENNSYLVANIA,  OHIO,  AND  WEST  VIRGINIA. 


By  I,  O.  White. 


CHAPTER  I. 

AREA,  STRUCTURE,  AND  CLASSIFICATION.    . 

The  Appalachian  Basin  contains  the  largest  continuons  coal  field  of 
any  Carboniferous  area.  Beginning  near  thc't  northern  line  of  Pennsjl- 
vania,  latitade  42^,  longitude  77^,  it  extends  sonthwestward  through 
West  Virginia,  southeastern  Ohio,  eastern  Kentucky,  and  central  Ten- 
nessee, ending  in  western  Alabama,  latitude  33^,  longitude  88^^  900 
miles  from  its  northern  terminus. 

The  shape  of  the  field  has  been  compared  to  that  Of  a  rude  canoe, 
the  pointed  ends  being  in  Pennsylvania  and  Alabama,  respectively,  while 
the  broadest  portion  lies  in  southern  West  Virginia  and  Ohio. 

As  is  well  known,  the  general  structure  of  the  field  is  that  of  a  great 
trough  or  basin,  the  line  of  greatest  depth  leaving  Pennsylvania  near 
its  southwest  corner,  and  passing  down  through  West  Virginia  rudely 
parallel  to  the  Ohio  Eiver,  to  enter  Kentucky  10  miles  above  the  mouth 
of  the  Big  Sandy  Biver.  This  general  trough  or  geo-syncline  is  itself 
traversed,  especially  in  its  northeastern  portion,  by  a  series  of  flexures, 
which,  although  so  gentle  along  the  region  west  of  the  center  of  the 
field  as  to  be  recognizable  with  difficulty,  yet  eastward  thereof  they 
increase  in  amplitude  until  the  great  folds  of  the  AUeghauy  Mountains 
become  a  part  of  the  system. 

The  map  sections  shown  on  Pis.  X  and  XI,  crossing  the  Appalachian 
field  nearly  normal  to  the  strike,  will  give  the  reader  a  good  idea  of  the 
structure  of  the  northern  half  of  this  field  at  the  localities  indicated  on 
the  map  (PL  I),  and  they  also  show  how  the  folds  which  are  so  promi- 
nent at  the  northeast  gradually  die  out  toward  the  southwest,  so  that 
in  the  region  of  the  Great  Kanawha  Biver  they  almost  disappear.  This 
flattening  out  of  the  flexures  in  southern  West  Virginia  has  been 
ascribed  by  Professors  Fontaine  and  Stevenson  to  the  development  of 
ihe  great  system  of  faults  along  the  southeastern  margin  of  the  coal  field 
m  the  edge  of  Virginia,  Which  relieved  the  tension  on  the  rocks  over 
Bull.  65 1}  17 
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the  adjoining  portion  of  the  Appalachian  field  and  thus  prevented  their 
folding  as  in  Pennsylvania  and  northern  West  Virginia.  These  anti- 
clinal and  syncliDal  folds  so  well  developed  at  the  north  are  nearly  par- 
allel to  the  Alleghany  Mountains,  but  as  they  begin  to  die  away  in 
central  West  Virginia  a  large  anticline  (the  Volcano)  runs  nearly  north 
and  south  diagonally  across  the  general  strike  of  the  beds. 

There  are  probably  other  folds  in  the  southwestern  part  of  West  Vir- 
ginia, which,  like  the  Volcano  anticline,  run  contrary  to  the  usual  direc- 
tion, but  they  have  not  been  traced  out  with  sufficient  care  to  warrant 
description. 

The  distribution  of  the  different  geological  groups  on  the  accompany- 
ing map  will  serve  to  show  the  general  position  and  direction  of  the 
principal  anticlines,  but  the  topographic  base  of  the  map  is  sa  inaccu- 
rate that  it  was  thought  best  not  to  attempt  to  put  in  the  anticlinal 
lines  of  the  region  described  till  the  Survey  should  have  completed  the 
regular  topographical  map. 

In  this  connection  it  should  be  stated  that  this  map  is  not  presented 
with  any  clain\s  for  accuracy  in  detail,  but  simply  to  show  the  general 
distribution  of  the  Carboniferous  system. 

The  portion  of  the  Appalachian  region  herein  described  includes  only 
the  bituminous  coal  fields  of  Pennsylvania,  Ohio,  and  West  Virginia. 

The  Pennsylvania  and  Virginia  geologists,  led  by  the  two  illustrious 
Bogers  brothers,  long  ago  discovered  that  the  main  coal-bearing  portion 
of  the  Carboniferous  system  could  be  naturally  subdivided  into  five 
series.  This  generalization  was  founded  upon  a  careful  study  of  the 
rocks  over  a  wide  area,  and  the  subsequent  work  of  other  geologists  haa 
fully  established  its  general  truthfulness  to  nature  as  well  as  its  great 
usefulness  in  stratigraphic  geology. 

The  more  detailed  and  minute  Studies  of  recent  years,  rendered 
possible  by  vast  mining  developments,  have  only  modified  the  Bogers 
classification,  and  hence  it  has  become  so  thoroughly  ingrafted  into 
geological  nomenclature  and  so  familiar  to  the  minds  of  practical  coal 
operators  that  it  would  be  very  unwise  to  make  any  radical  changes  in  it. 
It  is  true  that  in  minor  details  the  original  nomenclature  for  some  of 
these  series  was  misleading,  but  this  does  not  materially  affect  the  grand 
truths  expressed  in  the  general  framework  of  the  classification,  and 
hence  it  has  been  deemed  best  to  modify  and  supplement  this  time- 
honored  work,  rather  than  to  destroy  it  and  cast  it  away,  as  has  recently 
been  suggested  by  some  geologists. 

The  classification  adopted  in  this  report  attempts  to  preserve  what- 
ever of  the  old  nomenclature  has  been  found  useful  and  helpful  to 
geologists,  while  at  the  same  time  such  new  features  are  introduced  as 
seem  necessary  from  our  wider  and  more  intimate  knowledge  of  these 
rocks. 

The  entire  Carboniferous  system  of  the  Appalachian  region  subdivides 

s^tarflJly  iot9  tbr^  grand  divisions  t'oauded  upon  conditions  Qt  ^qcu« 


/ 


BULLETIN  NO.  65     PL.  Ill 


z 

i 


B 


■      -i  ♦.^TT; .^HT^^TJ^ ■!;... •..».; 


^f?^^!&  S€€LJLi€V€L* 


1 

3 


5  MlLES»llNCH. 

)ooFT 


«f  ff        f9 


RAVENNA,  OHIO,  TO  THE  ALLEGHANY  MOUN* 


/ 


:i 


I  I 
I  ( 
t  I 


!  'I 


i :   I 


'  i 


WHITE.  1 


DIVISIONS   OP   THE   CARBONIFEROUS   SYSTEM. 


19 


mutation,  and  these  in  turn  split  up  into  eight  minor  series,  as  exhibited 
in  the  following  scheme : 


Divisions. 


Upper:  Areab and 
brackish  water 
deposits. 


Carbonifrboub    J  Middle:  shore de. 
«YaTUi ^     p<,aitg,  ^ith  in- 

cursions  of  the 
sea. 


Lower:  marine 
deposits. 


Series. 


PennoCarboniferoas,  !Ko.  XYI,  Dunkard Creek  Series. 


Upper  Coal  Measures,  No.  XY,  Mononjj^ahela  River  Series. 

Upper  half. 


Barren  Measures,  No.  XIV,  Elk  River  Series. 


Lower  halt*. 


liower  Coal  Measures,  No.  XIII,  Allegheny  River  Series. 


Pottsville  Conglomerate  Measures,  "Great,"  **  Serai,"  No.  XII, 
Conglomerate,  etc. 


Mauch  Chunk  Red  Shale,  Umbral  Red  Shale. 
Mountain  Limestone,  Umbral  Limestone,  Green 
brier,  etc. 


INo.  XL 


Pocono  Sandstone, Vespertine,  No.  X,  "Big  lojun  '  oil  sand,  etc. 


As  will  be  seen  from  the  tbregoing  diagram,  the  line  between  tbe 
Middle  and  Upper  Carboniferous  deposits  passes  directly  throngh  the 
center  of  the  Elk  Eiver  series.  This  is  due  to  the  fact  that  marine 
conditions  ceased,  never  to  return,  with  the  deposition  of  the  Grinoidal 
limestone  and  its  associated  beds,  midway  in  the  Barren  Measures, 
thus  separating  them  into  two  divisions  which  are  of  almost  equal  thick- 
ness, the  lower  one  abounding  in  marine  life,  while  the  upper  has  nothing 
but  fresh  or  brackish  water  forms.  The  change  in  this  respect  is  great 
enough  to  warrant  the  separation  of  the  Barrens  into  two  series,  but  as 
the  lithological  differences  at  the  line  of  separation  are  very  meager,  it 
is  deemed  best  to  keep  these  rocks  a  unit  as  in  the  Rogers  nomenclature. 

This  report  deals  only  with  the  Middle  and  Upper  Carboniferous  of 
the  above  table,  and  the  five  series  into  which  they  are  subdivided  will 
now  be  described  in  detail,  beginning  with  the  highest. 

The  discussion  of  many  interesting  questions  connected  with  Carbon- 
iferous geology  is  necessarily  postponed  until  the  rest  or  southern  half 
of  the  Appalachian  coal  field  has  been  carefully  studied  as  a  whole. 


CHAPTER   II. 
THE  PERMO-CARBONIPEROUS  OR  DUNKARD  CREEK  SERIES. 

THICKNESS,  OHABAOTEB,  AND  EXTENT. 

The  rocks  of  this  series  ( Upper  Barren  Measures^  No.  XVI)  begin  with 
the  roof  shales  of  the  Waynesburg  coal  and  extend  upward  to  the  top- 
most beds  of  the  Appalachian  region. 

How  many  feet  of  deposits  erosion  has  removed  above  the  highest 
remaining  beds  we  can  only  conjecture.  However,  if  the  soft  and  easily 
yielding  character  of  the  rocks  which  have  escaped  disintegration  can 
be  taken  as  a  criterion  for  those  that  have  wasted  away,  the  thickness 
of  the  latter  must  be  reckoned  by  the  thousand  and  probably  by  the 
10,000  feet. 

Several  independent  measurements  from  the  highest  accessible  sum- 
mits foot  up  a  little  more  than  1,150  feet  for  the  thickness  of  the  series 
and  it  is  certain  that  no  other  localities  could  exceed  this  by  more  than 
100  feet. 

The  uppermost  beds  are  found  at  the  headwaters  of  Dunkard  Greek, 
a  large  stream  which  heads  near  the  West  Virginia-Pennsylvania  line, 
on  the  eastern  slope  of  the  watershed  separating  the  Ohio  and  Monon- 
gahela  Biver  drainage  system,  and  flowing  eastward  puts  into  the 
Monongahela  two  miles  above  Greensboro,  Greene  County,  Pennsyl- 
vania, and  four  miles  north  from  the  West  Virginia  line.  This  stream 
flows  over  PermoGarboniferous  rocks  from  its  source  to  the  point  at 
which  it  leaves  the  West  Virginia  line  at  Mount  Morris,  Pennsylvania, 
a  distance  of  more  than  thirty  miles,  furnishing  very  fine  exposures  of 
these  rocks  along  its  banks  and  bluffs ;  hence  the  geographical  name 
(Dunkard  Greek)  which  I  have  given  the  series. 

These  deposits  occupy  a  rather  limited  area  in  the  Appalachian  field, 
being  found  in  only  two  counties  (Greene  and  Washington)  of  Pennsyl- 
vania, with  the  exception  of  small  isolated  patches  in  Fayette,  West- 
moreland, and  Allegheny.  In  Ohio  there  is  a  larger  area  of  them 
bordering  the  Ohio  Eiver  through  the  counties  of  Belmont,  Monroe, 
Washington,  Athens,  Meigs,  and  Gallia.  But  it  is  in  West  Virginia 
that  we  find  the  principal  belt  of  these  beds,  for  there  they  cover  a  wide 
80 
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region  bordering  the  Ohio  River  between  the  Pennsylvania  line  at  the 
north  and  the  Great  Kanawha  River  on  the  south,  as  the  accompanying 
map  shows. 

The  character  of  the  rocks  varies  greatly  in  diflPerent  portions  of  this 
area.  At  the  northeastern  end  of  the  field,  in  Washington  County, 
Pennsylvania,  limestones  seem  to  predominate  in  thickness  over  the 
gray  shales,  sandstones,  and  thin  coal  beds  with  which  they  are  there 
interstratified.  But  sonthwestward  the  limestones  and  coals  gradually 
disappear,  so  that  in  Jackson  County,  West  Virginia,  no  regular  coal 
beds  are  found,  and  only  one  limestone  (the  Nineveh)  remains.  The 
limestones  continue  in  considerable  number  in  Oreene,  Ohio,  Marshall, 
and  Monongalia  Counties,  and  the  northern  part  of  Wetzel  County,  but 
southward  from  this  line  they  rapidly  disappear,  with  the  single  excep- 
tion noted.  The  coal  beds  all  die  out  with  the  disappearance  of  the 
limestones,  except  one  rthe  Washington),  which  seems  to  extend  beyond 
the  Little  Kanawha  River  before  it  passes  out  of  the  series. 

As  the  limestones  and  thin  coal  beds  gradually  fade  out  to  the  south- 
westered  siiale,  a  variety  of  rock  almost  unknown  in  Washington  County, 
Pennsylvania,  gradually  comes  into  the  9ection  in  thin  beds  at  first,  but 
finally  extends  throughout  the  whole  series,  and  forms  nearly  one-half 
its  thickness,  thus  making  a  broad  band  of  red  soil  from  the  Pennsyl- 
vania line  sonthwestward  to  the  Great  Kanawha  River. 

This  increase  in  red  shale  beds  is  accompanied  by  an  increase  in  the 
number  and  massiveness  of  the  sandstone  rocks,  so  that  the  topography 
gradually  becomes  greatly  different  from  that  found  in  Washington 
County,  Pennsylvania.  There  the  surface  is  gently  rolling,  the  valleys 
broad,  and  the  hills  rounded,  with  no  deep  gorges  or  precipitous  slopes, 
the  abundance  of  limestone  rendering  the  soil  so  highly  fertile  that  the 
region  has  long  been  famed  as  one  of  the  finest  grazing  and  agricultural 
districts  in  the  Union.  But  toward  the  southwest,  while  the  soil  remains 
very  fertile,  owing  to  a  large  quantity  of  marly  material  in  the  red 
shales,  yet  the  thickening  up  of  the  sandstone  beds  makes  the  valleys 
narrow  and  the  lower  portion  of  the  hills  often  precipitous,  the  arable 
land  being  confined  largely  to  the  ridges,  so  that  the  soil  is  better 
adapted  to  grazing  than  tillage.  In  many  cases  the  massive  sandstones 
crop  out  along  the  ridges  which  they  have  protected  from  erosion, 
forming  narrow  '*  hogbacks,'^  from  which  the  surface  falls  away  rapidly 
on  each  side.  Another  peculiarity  of  these  beds  is  that  the  sand  rocks 
contain  no  pebbles  except  near  the  base  of  the  series,  since  above  the 
Waynesburg  sandstone  no  pebbles  larger  than  coarse  sand  grains  have 
ever  been  seen  by  the  writer  in  all  of  the  1,000  feet  of  deposits,  except 
at  a  single  locality  on  the  Parkersburg  and  Staunton  turnpike,  along 
the  dividing  ridge  between  Ritchie  and  Gilmer  Counties,  West  Virginia, 
where  locally  the  Marietta  Sandstones,  140  feet  above  the  Washington 
coal,  thicken  up  into  a  very  coarse  conglomerate,  filled  with  quartz 
pebbles. 
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The  character  of  the  rocks  which  compose  these  measures  in  the  se?- 

eral  regions  of  their  area  will  be  seen  from  the  sections 
which  follow. 

Section  on  Dunkard  Creekj  Oreene  County^  Pennsyl 
vania, — Fig.  1  shows  the  succession  found  along  Dunkard 
Creek,  from  the  head  of  its  Penns^ivauia  fork  in  Gil- 
more  Township,  Greene  County,  eastward  to  where  the 
stream  veers  northward  back  into  Pennsylvania  at 
Mount  Morris. 

Dunkard  Creek,  Greene  Couniy,  Pennsylvania, 
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Shales 

Coal,  Wa.shington,  slaty 

Shales  and  sandstones,  including 
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Coal,  Waynesburg,  "A  " 

Shales 

Sandstone,  Waynesbnrg 

Shales,  with  fossil  plants  (Case> 

ville) 

Waynesbnrg  coal. 
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>    323 
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Total 1,162     3 


FiQ.  1.— Section  on  Donkard  Creek,  Pa. 
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Seetian^on  Colvin''8  JBwn,  Greene  County ^  Pennsylvania. — ^The  lower  half 
of  this  Dankard  Creek  series  is  very  fiuely  exposed  in  a  continuous  sec- 
tion on  Colvin's  Kun,  a  tributary  of  Dunkard  which  empties  into  it  near 
Mount  Morris,  Greene  County,  Pennsylvania,  and  in  descending  this 
stream  the  following  intervals,  as  shown  in  Fig.  2,  were  carefully  meas- 
ured : 
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Fio.  2 — SectioD  on  Col- 
Tin's  Bun,  Pa. 


Cohin^s  Run,  Greene  County ^  Pennsylvania. 

[See  map,  Ll.) 

Ft,  in. 

1.  Limestone,  Nineveh 9 

2.  Shales  and  sandstone 135 

3.  Limestone,  JoUjtown 10 

4.  Sandy  shales 35 

5.  Coal,  JoUytown 1    9 

6.  Shales,  sandy 35 

7.  Sandstone,  masAive 15 

8.  Sandy  shales  and  concealeil 40 

0.  Redshales 10 

10.  Shales 25 

11.  Sandstone 10 

12.  Shales 15 

13.  Coaly  shales,  Washington,  "A" 2 

14.  Sandy  shalcH  and  sandstone 45 

15.  Limestone,  jcray 2 

16.  Shales : 5 

17.  Sandstone,  massive 15 

18.  Shales 15 

10.  LimcNtone,  Washington  Lower 7 

20.  Shale,  dark 4 

21.  Coal,  Washington 2    6 

22.  Shales  and  sandstone 45 

23.  Coal,  Way nesburg, '•  B  " 2 

24.  Shnles  and  sandstone 35 

25.  Limestone,  Colvin's  Run 3 

26.  Shales 1 

27.  Coal,  Way nesburg,  "A" 2 

28.  Limestone 2 

29.  Shales 5 

30.  Sandstone.  Waynesbarg 75 

31.  Shales,  with  fossil  plants  (Cassville) 5 

32.  Coal,  Waynesbarg. 


Ft.  in. 


190    6 


245 


177     6 


ToUl 813 
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Section  in  Akppo  Townnkip,  Oreene  County,  Pettntylvania. — Wheeling 
C^eek  rises  ou  tbe  western  slope  of  the  MoDoogabela-Ohio  divide,  and 
flowing  westward  enters  the  Ohio  Kiver  at  Wheeling. 
It  furnishes  excellent  ex|K>8ures  of  the  Dnnkard  beds 
fromthe  summit  of  tbe  series  to  the  base.    The  follow- 
ing intervals  (Fig.  3)  were  measured  along  tbe  Dankard 
'^mmai'       Fork  of  the  creek  between  its  source  in  Aleppo  Town- 
M'^J  ^       ship,  Oreene  County,  Pennsylvania,  and  the  month  of 
~  Crab  Apple  Creek,  near  tbe  West  Virginia  line: 

Aleppo  Toirnnhip,  Greene  Countg,  PenMjflvania. 


1.  Bhalei  ml  nuiditoiies 
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Section  at  Board  Tree  Tunnel,  Marshall  County  ^  West  Virginia, — At 
Board  Tree  Tunnel,  on  the  Baltimore  and  Ohio  Eailroad,  and  close  to 

the  line  between  Wetzel  and  Marshall  Counties,  some 
very  high  land  occurs,  while  an  oil  well  boring  in  the 
valley  of  Fish  Creek  near  by  carries  the  rock  meas- 
urement down  to  the  base  of  the  Dunkard  Greek  beds. 
In  descending  from  Eice's  Knob  past  the  western  por- 
tal of  Board  Tree  Tunnel  to  the  Kuce  farm  oil  boring 
on  Fish  Creek,  and  connecting  with  the  record  of  the 
latter,  the  following  succession  (Fig.  4)  is  revealed : 

Board  Tree.  Marshall  County,  West   Virginia. 
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[See  map,  L  J.] 

Sandstone,  gn.j,  and  concealed.. 

Gray  limestone,  Windy  Gap 

Bed  shales  and  concealed 

Coaly  slate 

Concealed  to  base  of  a  massive 

sandstone 

Concealed,  sandstone   and   red 

shale  to  Board  Tree  Tannel 

Sandy  shales 

Sandstone,  Nineveh 

Coal,  Nineveh 

Gray  shales 

Sandstone,  massive 

Shales 

(  Limestone 
(  Limestone  1  Black  slate  . 
I  Nineveh  .  ]  Limestone  and 

(     limy  beds 

Yarief^ated  shales 

Sandstone 

Shales,  limy 

Sandstone,  to  level  of  track  at 

vrest  portal 

Concealed  shales  and  sandstone. 
Massive  sandstone,  Fish  Creek. 

Shales 

Coal,  Donkard,  to  level  of  bore 

hole 

Interval,  shales,  sandstones,  and 

limestones,  with  two  thin  coal 

beds 

Shales,  sandstones,  and  red  beds. 

Coal,  Washinjj^ton  

Shales,  limestones,  and  sandstone . 
Coal,  Waynesbnrg. 
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35 

175 
15 
15 
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15 
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10 

0 
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5 

100 

30 

3 
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Ft. 


401 


261 


I 


300 
155 


Total 


1,117 


There  is  some  uncertainty  about  the 
horizon  of  the  Pittsburgh  coal  in  the 
oil  boring,  since  two  large  beds  are  re- 
ported, one  at  700  feet  and  the  other 
at  800.  The  latter  is  the  thicker  bed, 
and  as  the  depth  from  it  to  the  third  oil  sand  (2,100  feet)  agrees  with  the 


Fig.  4 — Section  at  Board  Tree  Tunnel,  Mar* 
shall  County,  W.  Va. 
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same  interval  15  miles  to  the  northeast,  I  have  regarded  the  lower  bed  as 
the  Pittsburgh  in  constructing  the  above  section.    If,  however,  the  coal 

100  feet  higher  should  prove  to  be  the  Pittsburgh,  then 
the  5-foot  coal  150  feet  above  the  bottom  of  the  sec- 
tion would  probably  be  the  Waynesburg  bed,  and  the 
Dunkard  Creek  series  should  be  cut  off  just  above  it^ 
and  thus  shortened  by  155  feet  at  this  locality. 

In  the  vicinity  of  Bellton,  Marshall  County,  West 
Virginia,  4  miles  west  from  Board  Tree  Tunnel,  the 
exposures  are  very  fine  and  the  surface  outcrops  can 
there  also  be  combined  with  the  record  of  an  oil  bor- 
iug,  which  thus  gives  another  measurement  of  the  en- 
tire series. 

Section  at  Bellton^  Marshall  County^  West  Virginia, — 
In  descending  from  the  highest  summits  near  Bellton, 
the  following  succession  (Fig.  5)  is  obtained  when 
combined  with  an  oil-boring  record  which  was  pub- 
lished by  the  writer  in  the  Annals  of  the  Lyceum  of 
Natural  History,  New  York,  July,  1874 : 
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Fio.  &— Section  at  Bellton,  W.  Va. 
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[See  map,  Lj.} 
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40.  Coaly  shales 


40.  uoaiT 

41.  SaiHUitone 9 

42.  Shale 5 

43.  Sandstone 4 

44.  Shale 10 

45.  Sandstone 16 

46.  Shale 4 

47.  Sandstone. 90 

48.  Shale 2 

49.  Sandstone 35 

50.  Shale 27 

51.  Sandstone 45 

52.  Coal,  Washington 6 

63.  Sandstone 20 


Ft.  in. 
9 


Ft.  in. 


^313 


I 


148 


Ft.  in. 

54.  Limestone 8 

55.  Shale 19 

66.  Sandstone ' 15 

67.  Shale 18 

58.  Sandstone 25 

69.  Shale 4 

60.  Limestone 10 

61.  Fireclay 3 

62.  LiraeRtone 4 

63.  Sandstone 16 

64.  Place    for    Waynesburg 

coal. 


Ft  in. 


148 


Total 1,078    8 

This  boring  did  not  reach  the  Pittsburgh  coal,  and  hence  the  identi- 
fication of  the  6-foot  coal  bed,  142  feet  above  the  base  of  the  section,  is 

made  on  the  same  basis  as  that  of  the  5-foot  bed  150 
feet  above  the  bottom  of  Section  4,  since  the  two  coals 
are  evidently  identical.  The  thin  coals  in  the  upper 
half  of  the  series  have  been  named  the  Bellton  group 
from  this  locality. 

Section  at  New  Martinsville^  West  Virginia. — In  pass- 
ing sonthwestward  from  this  area  of  maximum  devel- 
opment of  the  Permo-Garboniferous  rocks  a  considerable 
change  takes  place  in  the  character  of  the  beds.  The 
Bellton  coal  group  practically  disappears,  and  also  many 
of  the  limestones,  so  that  in  the  vicinity  of  New  Martins- 
ville, Wetzel  County,  West  Virginia,  the  lower  half  of 
the  series  presents  the  structure  shown  in  Fig.  6 : 
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New  Martinsville,  Wetzel  County,  West  Virginia. 

[See map,  Mi.)  Ft 

Bed  shale 

Concealed 

Bed  shale - - 

Limestone,  Nineveh,  in  several  layers  separated  by  shale 

Re<l  marly  shale 

Concealed  and  sandstone 
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Coal,  Washington 4 

Sandy  shales 5 

Sandstone,  massive 35 

Concealed  and  sandy  shales 25 
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Waynesburg  coal. 


It. 

5 
45 

2 
10 

5 
30 

5 
30 
10 
10 
36 

6 
25 
10 
23 

2 
25 

5 
25 
20 

6 
15 
20 
15 

6 

2 
30 

3 

2 
20 


110 


Total 


563 


Fio  .6.— Section  at  New 
liArtinsTllle.  W.  Va. 
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1^0.  4  appears  to  represent  the  Nineveh  limestone,  though  its  inter- 
val above  the  base  of  the  series  is  less  here  than  usual. 

Not  a  single  one  of  the  Bellton  coals  was  observed  iu 
this  section,  though  some  of  them  may  have  been  pre.s 
ent  and  concealed. 

/Section  at  Baresvillej  Ohio. — In  the  vicinity  of  B»re«- 
ville,  Monroe  County,  Ohio,  a  long  section  was  matle 
by  the  late  Prof.  E.  B.  Andrews*  It  is  referred  to  in 
vol.  II,  Ohio  Geology,  page  587,  and  published  oq  Map 
XIII,  section  No.  II.  The  locality  is  only  1 J  miles  above 
New  Martinsville,  West  Virginia,  and  the  succession 
reads  as  follows  (Fig.  7) : 
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Fio.  7.— -Section   at 
BaresTille,  Ohio. 
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BaresvilUf  Monroe  County ^  Ohio, 

[See  map,  M  i.] 
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The  coal  blpssotn  at  the  summit  of  Sectioa  7  appears  to  come  at  a 
horizon  above  any  of  the  Belltou  beds,  and  hence  is  a  new  and  prob- 
ably extremely  local  element  in  the  series. 

Section  in  Liberty  Township,    Washington   County, 

Ohio. — The  following  (Figj.  8)  succession  of  the  beds 

in  the  lower  portion  of  this  series  is  reported  by  Mr. 

F.  W.  Minshall  from  a  hill  near  the  Epler  oil- boring 

in  Liberty  Township,  Washington  County,  Ohio: 
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Liberty  Tovrnthipt  Washington  County,  Ohio. 

[See  map,  Mg.]  Ft. 

1.  ShaleA  and  sandstones 

2.  Coal,  Jollytown ,. 

3.  Sbalesand  nandatone 

4.  Coal,  Washlnfiton  "A" 

5.  Shales  and  limestone 31 

0.  Sandstone 10 

7.  Shales  12 

8.  Ccai,  Wasfaidzton 

9.  Limestone  and  shales ^ 66 

10.  Sandstone,  pebbly,  Wajrnesborg 28 

11.  Shales   6 

12.  Waynesburg  coal. 


Ft. 

in. 

100 
1 

140 
2 

8 
6 

50 

1 

3 

100 

2'6' 


16' 


«1 

li- 


es' 


Total. 


404     5 
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Klu  to.— Section  in 
Washington  County, 
Ohio. 


These  identifications  are  made  on  the  supposition 
that  the  Macksburg  coal  of  the  Ohio  geologists  is  the 
equivalent  of  the  Waynesburg  bed. 

Section  at  Washington,  Pennsylvania, — In  Washing- 
ton County,  Pennsylvania,  the  Dunkard  series,  as  al 
already  stated,  contains  much  more  limestone  than 
elsewhere,  and  the  intervals  between 
the  several  members  are  somewhat  less 
than  in  Greene  County.    The  following 
section  (Fig.  9)  from  Geological  Survey, 
Pennsylvania,  Report  K,  page  248,  ex- 
hibits the  structure  of  the  lower  portion 


of  these  beds  at  Washington,  Pennsylvania : 

Washington y  Pennsylvania. 

[See  man.  Jl.] 

Ft.  in.      Ft.    in. 

1.  Limestone,  Jollytown 10 

2.  Shale  5 

3.  Coal.  Jollytown 1 

4.  Sandstone • 10 

5.  Dark  shale 8 

6.  Liniest4me,  Upper  Wash  in  gtoti 30 

7.  Concealed        60  )►    190 

8.  Coal,  blossom 0 

9.  Concealed 80 

10.  Limestone,  Lower  Washington 12 

11.  ComI,  Washington 7 

12.  Clay  4 

13.  Sandstone 0 

14.  Concealed 10 

15.  Limestone 2  ^    117    6 

16.  Shales,  limestone,  and  concealed C5 

17.  Black  slate 3     0 

18.  Limestone 4 

19.  Blaesbale  15 

20.  Waynesburg  coal. 

Total ;C{    u 


^i^^- 


Piir.  9.— Section    at 
Washington,  Fa. 
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Section  near  Tayloratown,  Pennsylvania, — ^Another  section,  from  the 
same  volume  page  259,  exhibits  the  succession  in  the  lower  half  of  this 
series  in  Buffalo  Township,  Washington  County,  Pennsylvania,  as 
shown  in  Fig.  10. 

In  both  these  sections  (9  and  10)  the  writer  has  changed  the  identi- 
fications of  some  of  the  beds  (notably  that  of  the  Jollytown  coal)  from 
that  made  in  the  original  sections  by  Stevenson,  but  in  every  .such  case 
the  change  is  clearly  warranted,  since  the  coal  in  question  was  placed 
too  near  the  Washington  coal  by  Stevenson. 


FL  in. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
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Near  Taylorstown,  Waahingion  County^  PennBylvania, 

[See  map,  J  k.] 

Limestone,  in  fragments 

Shales  and  sandstone ^ 

Coal,  blossom,  Jollytown 0 

Shale 10 

Limestone 6 

Conooaled 20 

Limestone.' 12 

Sandstone 16 

Coal 0 

Concealed 40 

Limestone 15 

Concealed 45 

Limestone 10 

Concealed 5 

Coal 0 

Concealed,  with  maoh  limestone 25 

Coal,  Washington 6 

Concealed,  with  a  limestone « 35 

Coal, blossom,  Wayuesbnrg  *'B" 0 

Concealed 40 

Coal,  blossom,  Waynesbarg  "A" 0 

Waynesbnrg  sandstone 50 

Shales 10 

Coal,  Waynesbarg 

Total 


FL  in, 
0 

40 


^  203     8 


1 


141 


384    8 


Fig.  lU.- Section  near 
Taylorstown,  Pa. 


The  very  highest  beds  of  the  Dunkard  Creek  series  known  to  the 
writer  occur  in  Shough's  Knob,  at  the  head  of  Dunkard  Creek,  Gilmore 
Township,  Greene  County,  Pennsylvania,  but  these  are  concealed  by  a 
thick  covering  of  soil,  and  hence  could  not  be  seen  in  detail.  The  high- 
est rock  of  the  series  which  has  been  traced  over  any  considerable  area 
is  the  Windy  Gap  Limestone. 

CHARACTEEISTIC  HORIZONS. 
THE  WINDY  GAP  LIMESTONE. 

This  has  been  named  from  its  occurrence  near  Windy  Gap,  a  "  divide  " 
separating  the  Laurel  Run  branch  of  Fish  Creek  from  the  waters  of 
Wheeling  Creek;  in  Springbill  Towpsbip,  Greene  Oouutyj  P^nnsylvMia* 
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The  stratum  is  usaally  of  a  bluish  gray  color,  qoite  pure,  and  has  a 
thickness  of  about  five  feet.  It  contains  minute  fresh  water  fossils, 
and  occasionally  small  crystals  of  blende. 

The  only  land  geologically  and  topographically  high  enough  to  catch 
this  stratum  is  that  which  clusters  about  the  southwestern  corner  of 
Pennsylvania,  in  Greene  County,  and  the  adjoining  regions  of  Mar- 
shall, Wetzel,  and  Monongalia,  in  West  Virginia.  Only  one  point 
(Hunsucker's  Knob)  in  the  last  county  is  high  enough  to  catch  this 
limestone,  since  its  outcrop  ranges  between  1,500  and  1,600  feet  above 
the  sea.  The  sections  (Figs.  3  and  4)  at  Board  Tree  and  Bellton,  in 
Marshall  County,  as  well  as  the  one  (Fig.  2)  in  Aleppo  Township, 
Greene  County,  show  this  stratunl  near  their  summits,  but  its  horizon 
is  concealed  in  Shough's  Knob  of  the  Dunkard  Creek  section  (Fig.  1). 

This  is  the  same  stratum  as  that  numbered  Limestone  XIY  by  Prof. 
John  J.  Stevenson  in  his  Beport  K,  Second  Geological  Survey  of  Penn- 
sylvania. 

THE  WINDY  GAP  COAL. 

At  an  interval  of  25  to  30  feet  below  the  limestone  just  described 
there  occurs  a  small  coal  bed  just  under  the  summit  of  the  <<  divide"  at 
Windy  Gap,  Greene  County,  Pennsylvania,  and  it  has  been  designated 
from  that  locality.  No  opening  into  it  has  ever  been  made,  and  hence 
it  is  known  only  as  a  blossom  which  exposes  one  to  two  feet  of  coal  and 
black  slate,  the  latter  filled  with  the  fossil  Cypris,  or  a  closely  allied 
form. 

The  same  bed  was  also  seen  in  Aleppo  Township,  and  in  the  summit 
of  the  hills  at  Bellton.  It  is  the  highest  known  coal  of  the  series,  and 
comes  about  1,050  feet  above  the  Wayuesburg  bed. 

THE  GILMORB  SANDSTONE, 

Crowning  the  upper  portion  of  the  Permo-Carboniferous  beds  over  a 
considerable  area  around  the  heads  of  Dunkard,  Wheeling,  and  Fish 
Creeks,  there  occurs  a  very  massive  sandstone  having  a  thickness  of  25 
to  40  feet.  It  was  named  the  Gilniore  sandstone  by  Professor  Steven- 
son, from  its  occurrence  in  the  township  of  that  name  in  southwestern 
Greene  County.  This  stratum  is  usually  a  coarse  and  very  massive 
sandstone,  excellent  for  building  purposes,  and  often  forming  long  lines 
of  cliffs  on  the  summits  of  the  high  ridges.  These  cliffs  are  always 
traversed  with  fissures,  and  they  furnish  a  convenient  retreat  for  foxes 
when  chased  by  hounds,  so  that  the  stratum  in  question  is  often  locally 
known  as  the  ^'  Fox  rocks,"  and  again  it  is  named  from  the  farms  where 
the  cliffs  occur,  as  "Pethtle"  rocks,  "  Bfaw"  rocks,  etc.  This  stratum 
has  been  the  main  agency  in  preserving  all  of  the  very  high  beds  of 
the  Permo-Carboniferous  from  erosion. 

The  interval  below  the  Gilmore  sandstone  for  200  to  250  feet  consists 

of  red  sbal^}  occasional  thin  limestones,  and  gray  saudstones,  but  cou- 
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tains  DO  beds  sufficiently  characterized  to  be  identifiable  over  any  con- 
siderable area. 

THE  NINEVEH  SANDSTONE. 

At  225  to  250  feet  below  the  Oilmore  sandstone,  we  come  to  another 
great  sandstone  deposit  which,  from  its  good  development  near  the  vil- 
lage of  Nineveh,  Greene  County,  Pennsylvania,  has  been  designated 
from  that  locality.  Like  the  Gilmore  sandstone  above,  it  is  usually 
an  excellent  building  stone,  and  has  long  been  used  for  that  purpose 
on  the  Baltimore  and  Ohio  Kailroad,  near  Littleton,  Wetzel  County, 
West  Virginia,  where  it  crops  out  in  a  great  cliff  along  the  hills  150  to 
200  feet  above  creek  level. 

This  same  stratum  may  also  be  seen  in  the  hills  two  miles  above  Jol- 
lytown,  Greene  County,  where  it  has  long  been  quarried  on  the  land 
of  Thomas  White  for  building  purposes.  It  is  of  a  yellowish  gray  cast, 
rather  coarse-grained,  but  soft,  and  splits  readily  into  rectangular 
blocks. 

THE  BBLLTON  COAL  GROUP. 

At  275  to  300  feet  under  the  Gilmore  sandstone  we  find  the  upper- 
most of  a  series  of  thin  coals  which,  from  their  fine  exposure  at  the  vil- 
lage of  Bellton,  Marshall  County,  West  Virginia,  have  been  termed  the 
Bellton  group.  These  coals,  few  of  which  are  rarely  more  than  one 
foot  thick,  occur  within  a  rock  interval  of  200  to  300  feet,  and  when  all 
are  present,  as  in  the  Bellton  section  (Fig.  5),  there  are  five  distinct  beds, 
though  not  all  of  them  aie  persistent  over  any  considerable  area.  The 
three  beds  given  in  the  Dunkard  Creek  section  (Fig.  1),  viz,  the  Nine- 
veh, Dunkard,  and  JoUytown  coals,  are  the  most  important  members 
of  the  group.  Interstratified  with  these  coals  are  shales,  sandstones, 
and  two  important  limestones. 

THE  NINEVEH  COAL. 

This  is  the  uppermost  member  of  the  Bellton  group,  and  was  named 
from  the  village  of  Nineveh,  Greene  County,  Pennsylvania,  by  Professor 
Stevenson. 

The  coal  rarely  exceeds  one  foot  in  thickness,  yet  it  is  generally  quite 
pure,  and  is  frequently  used  for  smithing  purposes. 

In  the  hills  at  Bellton  it  crops  out  290  feet  above  Fish  Creek,  and  the 
same  coal  is  seen  in  the  railroad  cut  at  the  western  portal  of  Board 
Tree  Tunnel,  75  feet  above  track  level. 

On  the  head  waters  of  Dunkard  Creek  it  is  known  as  the  John  Tay- 
lor coal,  and  although  only  one  foot  chick  is  highly  valued  as  a  smithing 
fuel. 

THE  NINEVEH  LIMESTONE. 

Below  the  Nineveh  coal  at  an  interval  of  25  to  30  feet  there  comes  a 
limestone  which  has  a  very  extended  distribution.  It  was  called  Lime- 
stone No,  X  by  Professor  Stevenson  in  bis  Report  K,  Greene  and  Wash- 
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ington  Goanties,  bat  it  is  here  designated  from  tbe  same  village  in  Greeue 
Goonty  which  has  given  name  to  the  coal  and  sandstone  already  de- 
scribed. 

This  limestone  usually  consists  of  several  layers  separated  by  shales 
the  whole  of  which  sometimes  foots  up  nearly  20  feet^  as  in  the  section 
at  Board  Tree  Tunnel  (Fig.  4),  but  its  usual  thickness  is  seldom  more 
than  10  feet.  Frequently  ^  stratum  of  bituminous  shale  is  found  inter- 
stratified  with  the  layers  of  limestone.  Some  of  the  latter  are  qdite 
pure,  and  furnish  excellent  lime.  It  has  a  very  wide,  distribution^  as 
may  be  seen  from  its  presence  in  each  of  the  first  seven  sections  already 
given.  The  same  stmtum  extends  clear  through  to  Jackson  Gounty, 
West  Virginia,  and  nearly  to  the  Big  Kanawha  Biver,  where  it  occurs 
high  up  on  the  summits  of  the  hills  and  is  hence  termed  the  ^'  Bidge  " 
limestone,  by  the  farmers. 

There  is  a  fine  exposure  of  this  rock  at  Limestone  Hill  I^ost-office,  on 
the  Parkersburg  and  Gharleston  turnpike,  near  the  corners  of  Wirt, 
Wood,  and  Jackson  Gounties, West  Virginia.  It  is  there  nearly  30  feet 
thick,  in  several  layers,  and  contains  many  minute  fossils,  all  apparently 
of  fresh-  water  tyi>es. 

THE  HOSTBTTBR  COAL. 

Occasionally  a  bed  of  coal  occurs  at  75  to  100  feet  below  the  Kineveh 
limestone.  It  has  been  stripped  out  of  the  run  on  the  old  Hostetter 
farm  near  Burton,  Wetzel  Gounty,  West  Virginia,  where  it  is  12  to  15 
inches  thick  and  rather  pure.  It  also  appears  to  be  present  in  some 
localities  near  the  head  of  Duukard  Greek,  and  in  a  local  section  near 
Bellton  it  was  seen  15  inches  thick  at  130  feet  below  the  Nineveh  coal. 

THE  FISH  GREEK  SAXDSTONE. 

At  135  to  150  feet  below  the  Nineveh  coal,  there  often  occurs  a  very 
massive  sandstone.  It  makes  the  great  cliffs  along  the  waters  of  Fish 
Greek  in  Springhill  Township,  Greene  Gounty,  Pennsylvania,  and  was 
designated  from  this  stream  by  Stevenson  in  his  Beport  K. 

The  rock  in  question  is  frequently  quite  massive,  and  it  makes  an  ex- 
cellent building  stone.  It  is  very  conspicuous  in  the  region  of  Deep 
Valley,  Pennsylvania,  where  it  forms  long  lines  of  vertical  cliffs  25  to 
30  feet  high.  It  may  also  be  seen  in  clifGs  along  the  Baltimore  and  Ohio 
Bailroad,  above  Littleton,  in  Wetzel  Gounty,  where  it  is  quarried  for 
building  purposes. 

THE  DUNKARD  COAL.. 

^  Below  the  Fish  Greek  sandstone,  at  an  interval  of  1  to  20  feet,  another 
coal  bed  is  often  found,  which,  from  its  occurrence  along  the  bed  of 
Dunkard  Greek  for  a  considerable  distance,  was  named  the  Dunkard  coal 
by  Professor  Stevenson.  It  is  seldom  more  than  12  to  15  inches  thick, 
but  is  almost  invariably  doable,  having  a  thin  layer  of  slate  near  its 
Bull.  65 3 
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center.  At  Deep  Valley,  Pennsylvania,  however,  this  parting  thick- 
ens up  to  five  feet  or  more  and  thus  separates  the  coal  into  two  well- 
defined  beds,  each  of  which  is  8  to  10  inches  thick.  In  the  roof  8hal«« 
of  this  coal  at  Mr.  Lee  Garrison's,  in  Oilmore  Township,  Greene  Gonntyf 
Pennsylvania,  finely  preserved  fossil  plants  abound,  principally  of  the 
genera  NeuropteriS  and  Odontopteris. 

This  bed  is  frequently  stripped  along  the  streams  for  local  use  in 
Greene,  Monongalia,  Wetzel,  and  Marshall  Counties. 

THE  JOLLYTOWN  LIMESTONE. 

t 

Below  the  Dunkard  coal,  at  an  interval  of  i)5  to  30  feet,  there  occurs 
a  bed  of  limestone  which  is  rather  persistent.  It  is  well  exiK>sed  in  the 
vicinity  of  JoUytown,  Greene  County,  Pennsylvania,  and  has  been  des- 
ignated from  that  locality.  As  may  be  seen  from  its  presence  in  Sec- 
tions I  to  5  and  also  in  9,  this  limestone  has  a  wide  distribution,  though 
at  the  head  of  Dunkard  (Fig.  1),  and  on  Fish  Creek  (Fig.  5),  the  stratum 
is  only  1  to  2  feet  thick.  In  Washington  County,  Pennsylvania,  how- 
ever, it  thickens  up  to  10  feet  or  more  and  is  usually  a  rather  pore  lime- 
stone. 

THE  JOLLYTOWN  COAL. 

1? his  is  the  lowest  member  of  the  Bellton  coal  gronp^  and  underlies 
the  JoUytown  limestone  by  an  interval  of  25  to  30  feet.  The  coal  was 
named  by  Professor  Stevenson  from  a  village  in  Greene  County,  Penn- 
sylvania. 

This  is  the  only  coal  of  the  Bellton  group  that  ever  attains  dimen- 
sions of  2  to  3  feet,  and  can  therefore  be  mined  by  drifting,  since  in 
the  vicinity  of  Wise,  Monongalia  County,  West  Virginia,  and  below 
this  along  the  South  Fork  of  Dunkard  Creek,  it  is  nearly  3  feet  thick, 
and  is  mined  to  a  considerable  extent  for  local  use.  The  coal  is  not 
very  pure,  but  in  the  absence  of  any  other  beds  it  finds  a  ready  market. 
In  the  Bellton  section  (Fig.  5)  this  coal  has  been  identified  with  the 
lowest  bed  exposed  there.  This  is  only  a  few  inches  thick  and  quite 
slaty,  so  that  it  is  possible  the  JoUytown  bed  is  the  one  next  above,  and 
which  in  that  section  has  been  referred  to  the  Dunkard  coal. 

Along  Dunkard  Creek  the  JoUytown  coal  is  nearly  always  present, 
and  seldom  less  than  1  to  2  feet  thick.  It  becomes  a  very  important 
key  rock  over  a  wide  region,  since  there  are  seldom  any  other  coals 
below  it  for  an  interval  of  250  feet.  It  extends  almost  without  a  break 
across  Greene,  Monongalia,  Marion,  and  Harrison  Counties,  but  appears 
to  thin  away  in  Doddridge. 

Throughout  Monongalia,  Greene,  and  Marshall  Counties,  the  interval 
between  this  bed  and  the  Washington  coal  below  is  about  275  fee^ 
but  westward,  in  Washington  County,  Ohio  (Section  8),  the  interval 
thins  away  to  200  feet,  and  practically  the  same  measurement  is  found 
in  Washington  County,  Pennsylvania  (Sections  9  and  10). 
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THR  UPPER  WASHINGTON  UMBSTONK. 

Three  limestones  were  Dameci  from  Washington,  Pennsylvania,  by 
Professor  Stevenson — an  Upper,  Middle,  and  Lower  one— and  two  of 
these  are  shown  in  the  section  (Fig.  9)  from  the  typical  locality. 

The  Upper  Limestone  is  a  very  important  bed  in  Washington  Oounty, 
since  it  has  a  thickness  of  20  to  30  feet,  and  is  generally  very  pure.  It 
is  usually  of  a  dark  blue  color,  and  is  much  used  for  macadamizing 
roads  and  burning  for  agricultural  and  other  purposes.  This  rock  ap- 
pears to  be  identical  with  the  limestone  seen  in  the  bed  of  Dunkard 
Greek  near  the  mouth  of  Negro  Run,  above  Jolly  town,  Greene  County, 
Pennsylvania,  where  it  carries  a  bituminous  shale  on  its  top,  filled  with 
fish  remains  and  other  minute  fossils,  and  underlies  the  JoUytown  coal. 

In  the  bed  of  Fish  Greek  at  Bellton,  Marshall  Gounty,  West  Virginia, 
we  find  a  limestone  with  a  fish  bed  on  its  top,  which  appears  to  be  iden- 
tical with  the  Upper  Washington  deposit. 

THE  MIDDLE    WASHINGTON  LIMESTONE.   • 

4 

About  midway  in  the  interval  between  the  Upper  Washington  lime- 
stone and  the  Washington  coal  there  is  frequently  found  another  lime- 
stone bed.  It  is  very  persistent  in  Washington  Gounty,  Pennsylvania, 
and*  is  often  15  to  20  feet  thick  and  of  a  huffish  color. 

On  Dunkard  Greek  it  appears  to  be  represented  by  a  stratum  seien 
just  above  the  road  at  Kent's  Mills,  where  it  is  only  three  feet  thick* 
This  limestone,  like  all  of  those  in  the  Dunkard  series,  contains  minut'C, 
undetermined  fossils,  and  the  bituminous  shales  accompanying  them 
hold  plenty  of  fish  scales,  teeth,  etc.,  as  well  as  fragments  of  plants. 

WASHINOTON   "a"  COAL. 

At  70  to  80  feet  above  the  Washington  coal,  there  occurs  a  bed  of 
impure  coal  and  coaly  shale  which  is  often  present  in  the  section  along 
Dunkard  Greek.  Sometimes  the  entire  bed  is  four  to  five  feet  thick, 
but  little  of  it  is  ever  merchantable  coal,  being  seldom  more  than  a 
bituminous  slate.  It  is  well  exposed  in  the  hills  about  Blacksville, 
and  Brownsville,  in  Monongalia  Gounty,  and  there  contains  many  bi- 
valve crustaceans. 

Bituminous  shale  is  often  found  at  this  horizon  in  Washington  and 
Greene  Gounties,  Pennsylvania,  and  in  Washington  Gounty,  Ohio  (Fig. 
8),  a  coal  bed  2^  feet  thick  seems  to  occur  at  the  same  place  in  the  series. 

THE  MARIETTA  SANDSTONES. 

The  Washington  "A"  coal  is  often  absent,  and  the  portion  of  the 
series  for  100  to  125  feet  above  the  Washington  coal  is  then  frequently 
occupied  by  two  or  three  beds  of  massive  sandstone.  These  croj)  out 
in  the  hills  below  Marietta,  Ohio,  where  they  have  long  been  exten- 
sively quarried  for  grindstones  and  building  stone,  and  they  have  been 
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designated  from  that  locality.  There  are  often  three  of  them,  each  25 
to  40  feet  in  thickuess,  and  separated  by  thin  shalea^so  that  in  sncli 
cases  they  might  be  called  the  (Jpper,  Middle,  and  Lower  Marietta 
sandstones.  Sometimes,  however,  as  near  Bock  Lick,  Marshall  Connty, 
West  Virginia,  the  shales  thin  oat  and  let  all  of  the  sandstones  coalesce 
into  one  mass  more  than  100  feet  thick. 

These  beds  form  the  great  cliffs  at  Eaven  Bock,  Pleasants  County, 
West  Virginia.  The  npper  one  is  extensively  quarried  at  the  Jackson 
quarry  in  Farkersburg,  West  Virginia,  and  it  with  its  associated  rocks 
forms  long  lines  of  cliffs  up  the  Little  Kanawha  Biver,  where  they  have 
been  extensively  quarried  in  the  vicinity  of  Elizabeth  and  other  points. 

It  is  one  of  these  beds  that  makes  the  big  cliff's  on  the  hill  above  the 
famous  McGngan  gas  well  in  Washington  County,  Pennsylvania. 
These  rocks  are  sometimes  gray,  but  more  frequently  of  a  yellowish  or 
huffish  cast,  and  moderately  coarse  in  grain.  They  also  occur  in  Ritchie 
Wirt,  Jackson,  and  Putnam  Counties,  West  Virginia,  where  they  cap 
the  narrow  ridges  in  long  lines  of  cliffs. 

In  iGrreene  and  Washington  Counties,  Pennsylvania,  and  Monongalia 
County,  West  Virginia,  this  interval  of  100  feet  above  the  Washington 
coal  is  generally  occupied  by  shales,  limestones,  and  thin,  sandy  beds, 
massive  sandstones  being  exceptional. 

THIG  BLACKSVILLE  UMKSTONE. 

In  some  portions  of  Washington,  Greene,  and  Monongalia  Counties, 
a  limestone  occurs  with  considerable  persistency  at  30  to  50  feet  above 
the  Washington  coal.  This  was  numbered  Limestone  *III  by  Professor 
Stevenson  in  his  Greene  and  Washington  report,  but  as  it  comes  to  the 
surface  near  the  bed  of  Dunkard  Creek,  in  the  village  of  Blacksville, 
Monongalia  County,  West  Virginia,  it  has  been  given  a  geographical 
name  from  that  locality.  The  rock  is  generally  gray,  quite  pure,  and 
only  three  to  five  feet  thick.  It  is  seen  in  Section  2  at  46  feet  above 
the  Washington  coal.  It  soon  disappears  southward  from  the  Pennsyl- 
vania line. 

THE  LOWER  WASHINGTON  LIMESTONE. 

At  Washington,  Pennsylvania,  a  limestone  of  unusual  thickness  (20 
feet)  forms  the  roof  of  the  Washington  coal,  and  it  was  designated,  from 
that  locality,  the  Lower  Washington  limestone  by  Stevenson.  It  has 
a  wide  distribution  in  Greene,  Washington,  Ohio,  Belmont,  Marshall, 
and  Monongalia  Counties,  but  disappears  southward  from  these.  It 
often  attains  a  thickness  of  20  to  30  feet  in  Washington  County,  but  is 
always  iuterstratifled  with  much  shale,  and  outside  of  Washington 
County  is  seldom  more  than  5  to  10  feet  thick.  Frequently  some  of  the 
layers  contain  so  much  carbonate  of  iron  as  to  prove  a  fair  ore.  These 
iron-bearing  layers  are  often  iuterstratifled  with  bituminous  shales,  and 
in  such  cases  the  iron  layers  are  covered  with  fossil  plants.    It  is  on 
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these  thin,  shaly  layers  of  carbonate  of  iron  in  the  roof  of  the  Washing- 
ton coal  at  Brown's  Bridge,  Dnnkard  Creek,  on  the  West  Virginia- 
Pennsylvania  line,  that  the  Permian  plant,  CaUipteri^  confertaj  occurs 
as  described  in  Eeport  PP,  Second  Geological  Survey,  Pennsylvania, 
page  54, 

THE  WASHINGTON  COAL. 

This  bed,  which  is  the  only  one  in  the  Dunkard  series  that  is  worka- 
ble over  a  wide  area,  was  first  described  by  the  writer,  and  named  the 
Brownsville  coal  from  its  occurrence  at  the  village  of  that  name  in 
Monongalia  County,  West  Virginia.  Subsequently,  however,  the  same 
coal  was  found  in  greater  development  at  Washington,  Pennsylvania, 
and  it  was  designated  from  that  locality  by  Professor  Stevenson. 

It  is  always  a  multiple  bed,  being  separated  into  two  or  three  layers 
by  divisions  of  slate.  Occasionally  these  divisions  are  numerous  and 
the  entire  thickness  of  the  bed  is  8  to  10  feet,  but  in  all  cases  the  only 
pure  or  merchantable  coal  is  the  bottom  portion, which  seldom  exceeds 
two  and  a  half  to  three  feet.  The  upper  part  of  the  bed  is  nearly 
always  very  impure,  since  it  contains  so  much  ash  and  slate  as  to  consti- 
tute it  a  mere  bed  of  richly  bituminous  shale. 

This  coal  is  much  more  persistent  than  any  other  coal  of  the  Permo- 
Carboniferous  series,  since  it  occurs  everywhere  in  the  northern  area  of 
these  rocks,  and  does  not  disappear  to  the  southwest  except  beyond  the 
Little  Kanawha  Eiver,  in  West  Virginia,  while  in  Ohio  it  seems  to  be 
persistent  even  to  the  southwestern  margin  of  these  deposits.  In  Wash- 
ington and  Meig§  Counties,  Ohio,  it  is  frequently  referred  to  by  Pro- 
fessor Andrews  as  the  Hobson  coal. 

« 

Section  at  Farmington^  Marion  County ^  West  Virginia, — The  following 
section  of  this  coal,  taken  near  Farmingtou,  Marion  County,  West  Vir- 
ginia, well  illustrates  the  structure  of  the  bed  when  it  is  thick : 


Ft  in. 

1.  Coal 0  6 

2.  Shale 0  3 

3.  Coal  and  shale 0  ^ 

4.  Coal 1  0 

5.  Shale 0  4 

6.  Coal 0  5 

7.  Shale 0  3 

8.  Coal 1  0 

9.  Shale 0  4 

10.  Coal 1  1 

11.  Shale 0  3 

12.  Coal,fair 2  0 

13.  Slate 0  2 

14.  Coal,  good 2  6 


Ft.  in. 
>  6     1^ 


Ft.  in. 
>10    9 


4    8 


Here  the  upper  or  roof  portion  of  the  coal,  although  6  feet  thick,  is 
entirely  worthless,  and  the  only  really  good  coal  in  the  bed  is  the  2J 
feet  at  the  bottom. 


"  '  '  —— ^^^^^^^^^^^PiU^MIBBBM^BIMiMMBlP 
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Ft.  in. 
>    8    2 
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Through  Washington  Goanty,  Pennsylvania,  this  coal  has  a  thick- 
ness of  5  to  6  feet,  but  very  little  of  it  is  merchantable. 

It  is  frequently  exposed  along  the  Ohio  Eiver  hills  between  Wheel- 
ing and  Parkersburg,  being  at  low  water  in  the  latter  town. 

Before  disappearing  to  the  southwest  it  dwindles  down  in  thickness 
very  much,  since  at  Harrisville,  Ritchie  County,  it  is  only  2  feet 
thick,  and  at  the  Orahamite  mines,  near  Hughes  Biver  in  the  same 
county,  only  1 J  feet. 

It  is  mined  for  local  supply  in  the  vicinity  of  Smithville,  Ritchie 
County,  where  it  is  only  15  inches  thick  and  150  feet  above  the  level 
of  Hughes  River. 

Section  on  Willey  Forlcj  Wetzel  County^  West  Virginia. — ^At  the  mouth 
of  the  Willey  Fork  of  Fishing  Creek,  Wetzel  County,  West  Virginia, 
this  coal  is  brought  a  few  feet  above  water  level  by  a  low,  anticlinal  roll, 
and  there  it  exhibits  the  following  structure : 

Ft.  in.  * 

1.  Dark  shales •.... 

2.  Coal 0  5^ 

3.  Coalyshale 1  6 

4.  Shale,  gray,  sandy 2  0 

5.  Coal 0  3 

6.  Gray  shales - 2  0 

7.  Coal,8laty 2  OJ 

Section  'near  Brotcn^a  Mills ^  Monongalia  County ^  West  Virginia. — Near 
Brown's  Mills,  Monongalia  County,  where  this  coal  wq,s  first  described, 
it  has  the  following  structure: 

Ft.  in. 

1.  Bitami  nous  shale 2  0^ 

2.  Coal,impure 1  9 

3.  Shale , 0  4 

4.  Coal,slaty 1  4 

5.  Shale 0  3 

6.  Coal,good ,...--  2  4 

At  this  locality  the  Lower  Washington  limestone  forms  the  roof 
above  the  bituminous  shale  No.  1,  and  it  also  contains  much  iron. 

Occasionally  a  thin  coal  is  found  resting  immediately  on  top  of  the 
Lower  Washington  limestone,  and  that  condition  of  affairs  exists  at 
Brown's  Mills,  where  a  bed  of  coal  and  black  slate,  in  all  2  feet  thick, 
occurs  10  feet  above  the  top  of  the  Washington  coal.  The  bed  is  not 
persistent  enough  to  merit  a  separate  name,  however. 

THE  WASHINGTON  SANDSTONE. 

Very  frequently  no  fire  clay  is  present  under  the  Washington  coal, 
and  the  latter  rests  directly  upon  a  flaggy  sandstone,  often  finely 
laminated,  brown,  micaceous,  and  containing  vegetable  frap^mehts  in 
great  quantity.    This  stratum,which  was  called  the  Washington  sand- 


Ft 

>  8 
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Stone  by  Professor  Stevenson,  occurs  over  a  wide  area  in  Monongalia, 
Greene,  and  Washington  Coanties,  but  is  not  persistent  very  far  soutli 
of  the  Pennsylvania  line. 

THB  UTTLie  WASHINGTON  COAL. 

Jast  ander  the  Washington  sandstone,  and  10  to  20  feet  below  the 
Washington  coal,  there  sometimes  occurs  a  thin  bed  of  coal,  seldom  at- 
taining a  foot  in  thickness.  It  is  more  persistent  in  Washington  County, 
Pennsylvania,  than  elsewhere,  and  hence  was  designated  as  above  by 
Stevenson.  It  is  seldom  seen  south  from  the  Pennsylvania  line,  and  in 
Greene  County  even  is  represented  only  by  a  thin  bed  of  bituminous 
slate. 

THE  WAYNESBURO   **B''  COAL. 

Below  the  last  little  coal  bed  there  usually  occur  shales,  thin  sand- 
stones, and  occasionally  a  limestone,  down  to  about  45  feet  below  the 
Washington  coal,  where  another  small  bed  is  found  quite  persistent  in 
Monongalia,  Greene,  and  Washington  Counties.  It  is  seldom  more  than 
a  foot  thick,  but  sometimes  attains  to  two.  It  has  never  been  seen  south 
of  Monongalia  County,  and  is  of  little  economic  importance. 

Tins  colvin's  run  limestone. 

Below  the  last  coal  come  30  to  35  feet  of  shale  and  thin  sandstones, 
and  then  we  get  a  limestone  that  was  numbered  Limestone  1(a)  by 
Professor  Stevenson,  but  I  have  given  it  the  above  geographical  desig- 
nation from  its  occurrence  at  the  locality  of  Section  2,  where  it  is  3 
feet  thick  and  quite  pure.  It  is  often  of  a  huffish  cast,  however,  and 
contains  too  much  iron  to  slake  well  on  burning.  In  Washington 
County,  Pennsylvania,  this  stratum  thickens  up  to  8  and  10  feet,  but  it 
is  seldom  seen  south  of  the  Pennsylvania  line. 

the  watnesburg  ^'V  coal. 

This  occurs  just  under  the  last  mentioned  limestone  and  like  it  is  con- 
fined to  the  northern  end  of  the  Permo-Carboniferous  area.  It  some- 
times attains  a  thickness  of  3  and  4  feet,  but  is  generally  slaty  and 
'worthless,  so  that  it  has  seldom  been  mined.  It  occurs  quite  generally 
across  Monongalia,  Marion,  and  Harrison  Counties,  and  is  possibly 
present  in  Eitchie  County  near  Harrisonville,  but  beyond  that  it  has  not 
been  identified.  Its  horizon  is  usually  60  to  80  feet  above  the  Waynes- 
burg  coal  proper. 

thx  mount  morris  limestone. 

Separated  from  the  coal  last  described  by  only  2  to  5  feet  of  clayey 
shales  there  sometimes  occurs  a  limestone  which,  although  noted, 
was  not  named  by  Stevenson  in  his  Report  K.  It  is  well  exposed  on 
the  north  bank  of  Dunkard  Creek  at  Mount  Morris,  Greene  County, 
Pennsylvaniay  and  has  been  designated  from  that  locality.    The  stratum 
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is  often  only  1  to  2  feet  thick,  and  seldom  more  than  5  feet  except 
in  Washington  County,  Pennsylvania,  where  it  is  occasionally  thicker. 
This  limestone  is  not  persistent,  and  is  seldom  found  south  of  the 
Pennsylvania  line,  being  frequently  absent  even  in  Greene  and  Wasb- 
ington  Counties. 

THE  WATNESBURG  SANDSTONE. 

Just  under  the  horizon  of  the  Mount  Morris  limestone,  and  separated 
from  it  by  2  to  5  feet  of  shales  and  clay,  there  comes  a  very  im- 
portant sandstone.  This  was  long  ago  termed  the  Waynesburg  sand- 
stone, from  its  fine  development  near  the  town  of  that  name  in  Greene 
County,  Pennsylvania.  It  is  one  of  the  most  persisteiit  members  of  the 
Permo-Carboniferous  series,  since  its  eastern  outcrop  can  be  followed 
in  an  almost  constant  line  of  cliffs  from  Greene  County,  Pennsylvania, 
clear  across  West  Virginia  to  the  Big  Kanawha  River  at  Winfield. 

This  stratum  is  the  only  one  in  the  series  that  is  generally  con- 
glomeratic or  contains  quartz  pebbles  larger  than  coarse  sand  grains. 
On  account  of  this  peculiarity  the  rock  in  question  becomes  a  very  im- 
portant guide  to  the  geologist  in  the  interior  of  West  Virginia,  where 
so  many  of  the  Dunkard  Creek  coals  and  limestones  have  disappeared, 
for  it  retains  its  pebbly  character  over  a  very  wide  area.  When  at  its 
greatest  development  the  thickness  of  this  stratum  approaches  75  and 
even  100  feet  It  is  usually  a  grayish  white  rock,  with  a  yellowish 
cast  on  freshly  broken  surfaces,  and  its  weathered  bowlders  are  usually 
covered  with  ridges  and  streaks  of  harder  iron -bearing  sand.  The  rock 
splits  readily  and  frequently  ^mishes  excellent  building  stone,  the 
piers  of  the  Baltimore  and  Ohio  Eailroad  bridges  across  the  Monongahela 
Biver  near  Fairmont  having  been  constructed  of  it. 

Along  the  western  border  of  the  outcrOp  of  this  rock  it  dwindles 
down  and  changes  its  character  entirely,  being  frequently  represents 
in  Washington  County,  Pennsylvania;  Marshall  and  Ohio  Counties, 
West  Virginia ;  Belmont  and  Monroe  Counties,  of  Ohio,  by  sandy  shales 
and  flaggy  sandstones,  and  occasionally  even  a  stratum  of  limestone 
may  be  found  at  this  horizon. 

In  passing  down  the  Ohio  Eiver  below  Marshall  County  the  horizon 
of  this  sandstone  passes  below  water  level,  but  when  it  reappears  near 
Saint  Mary's,  in  P  leasants  County,  the  rock  has  regained  its  massive- 
ness,  and  is  a  coarse  pebbly  sandstone  50  feet  thick,  and  from  this 
point  on  down  the  Ohio  Biver,  whenever  above  the  level  of  the  same^ 
it  is  always  a  massive  sandstone.  From  Blennerhasset  Island,  below 
Parkersburg,  this  rock  is  almost  constantly  visible  either  in  the  bed 
or  bluffs  of  the  Ohio  on  down  to  25  miles  below  the  mouth  of  the 
Great  Kanawha.  It  is  the  emergence  of  this  stratum  from  the  bed  of 
the  stream  which  makes  Letart  Falls  In  the  Ohio  Biver.  It  is  this  rbck 
which  forms  the  great  cliffs  in  the  top  of  the  hills  at  Bed  Bock,  in  Put- 
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nam  Ooanty,  on  the  Great  Kanawha,  and  the  same  may  be  seen  as  a 
bed  of  pebbly  si^ndstone  at  many  points  in  Eitchie,  one  at  the  famoas 
Grahamite  mine  being  especially  noteworthy,  for  it  is  the  great  sand- 
rook  through  which  the  celebrated  fissore  extends  at  the  base  of  the 
hills,  and  it  is  there  75  feet  thick. 

Through  Bitchie,  Gilmer,  and  Calhoun  Oounties  a  bed  of  brecciated 
limestone  occurs  at  the  base  of  this  stratum  and  incorporated  with  it, 
which  is  quite  persistent  and  seems  to  replace  the  usual  underlying 
Waynesburg  coal,  which  is  there  absent. 

THE  CA88VILLB  PLANT  SHALE. 

The  Waynesburg  sandstone  often  rests  directly  on  the  underlying 
Waynesburg  coal,  but  more  frequently  a  bed  of  dark  gray  shale,  5  to 
15  feet  thick,  intervenes.  This  shale  is  always  prolific  in  fossil  plants  and 
is  especially  so  in  the  vicinity  of  Gassville,  Monongalia  County,  West 
Virginia.  It  is  from  this  locality  and  horizon  that  so  many  of  the  fos- 
sil plants  were  obtained  which  are  described  in  the  Second  Geological 
Survey,  Pennsylvania,  Report  PP,  by  Fontaine  and  White,  and  it  is 
from  the  same  shale  that  so  many  plants  of  Permian  and  even  Triassic 
types  have  been  procured,  Tseniopteris,  Saportasa,  Baiera,  and  Pa- 
chypteris  being  among  the  number.  No  systematic  search  has  ever 
been  made  at  any  other  locality,  and  hence  it  is  entirely  probable  that 
the  list  of  fossil  plants  could  be  largely  increased  were  this  bed  thor- 
oughly explored  in  other  regions.  Other  promising  localities  of  the 
Cassville  shale  which  have  been  slightly  explored  are  CarmichaePs, 
Greene  County,  Pennsylvania ;  Georgetown,  Monongalia  County ;  and 
West  Union,  Doddridge  County.  In  connection  with  these  roof  shales, 
and  sometimes  interstratified  with  the  top  members  of  the  underlying 
coal,  there  occur  at  Cassville  numerous  remains  of  insects,  the  princi- 
pat  ones  being  fossil  cockroaches,  of  which  G^rablattina  seems  to  be 
the  principal  genus. 

THE  AGE  OP  THE  DUNKABD  CBEEK  BEDS. 

The  fauna  of  these  rocks  has  never  been  systematically  studied  and 
its  relationships  determined.  What  desultory  work  has  been  done  in 
this  line  goes  to  show  that  the  animal  forms  consist  principally  of  mi- 
nute shells  of  crustaceans,  fish  remains,  and  insects,  many  of  which  are 
probably  undescribed.  No  Brachiopods  have  ever  been  seen  in  these 
rocks,  and  hence  one  important  line  of  evidence  which  might  help  to 
determine  their  relative  age  is  wanting.  Some  geologists  have  been 
inclined  to  regard  them  as  belonging  in  the  Carboniferous  proper  be- 
cause of  the  absence  of  the  Permian  reptilian  fauna,  and  other  types 
common  elsewhere,  but  as  the  deposits  are  mainly  of  fresh  water  origin, 
the  absence  of  such  types  is  to  be  expected.  Hence  until  the  minute 
fauna  occurring  in  these  limestones  and  black  slates  shall  have  been 
carefully  studied,  the  geologist  must  rely  on  the  evidence  of  fossil  plants. 
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These  have  been  studied  by  Prof.  Wm.  M.  Fontaine  and  the  writer, 
the  results  being  published  in  Report  PP,  Second  Geological  Survey, 
Peimsylvauia.  The  conclusions  there  given  show  that  the  flora  is 
closely  ana  unmistakably  allied  to  the  Permian  of  Europe,  since  it  con- 
tains so  many  types  that  are  peculiar  to  those  rocks  or  even  related  to 
Mesozoic  forms.  The  facts  and  conclusions  set  forth  are  sufficient  to 
convince  Prof.  Archibald  Geikie  that  these  rocks  are  of  the  same  age 
as  the  reptiliferous  beds  at  Autun. 

The  conclusion  that  these  rocks  are  of  Permian  age  has  not  been  ac- 
cepted by  all  American  geologists,  though  none  haye^veh  any  reasons 
for  discrediting  the  evidence  of  the  fossil  plants  on  which  it  is  based, 
and  until  it  is  contradicted  by  the  animal  remains  or  otherwise  shown 
to  be  erroneons,  no  other  hypothesis  is  tenable  in  view  of  the  evidence 
at  hand.  The  list  of  plants  from  which  the  Permian  age  of  these  Dunk- 
ard  beds  is  inferred,  together  with  the  general  discussion  of  the  same, 
is  given  in  Chapter  III,  pages  105,  120,  Eeport  PP,  Second  Geological 
Survey,  Pennsylvania. 

The  recent  discovery  of  an  undoubted  Permian  invertebrate  fauna  in 
Texas  by  Prof.  O.  A.  White  and  Mr.  Cumniins  (American  Naturalist, 
February,  1889),  confirms  the  conclusions  of  Profs.  Cope  and  Marcou 
with  reference  to  the  existence  of  a  great  Permian  series  of  rocks  in 
this  country,  and  hence  there  is  no  longer  any  reiisou  for  doubting  that 
America  contains  deposits  which  are  equivalent  in  part  at  least  to  the 
Permian  of  Europe.  The  Texas  deposits,  as  described  by  Prof.  White 
in  the  article  referred  to,  are  so  exactly  similar  lithologically  to  these 
uppermost  beds  of  the  Appalachian  region,  that  the  description  of  the 
one  uiigh  t  well  answer  for  that  of  the  other,  and  there  can  be  very  little 
doubt  that  the  two  series  are  equivalent.  Singularly  enough  the  beds 
have  practically  the  same  thickness,  1,000  feet  in  Texas,  and  1,100  in 
West  Virginia  and  southwest  Pennsylvania. 


CHAPTER    III. 

THE  UPPER  COAL  MEASURES.  OR  MONONQAHELA  RIVER  SERIES. 

THICKNESS,  OHABAOTEB,  AITD    EXTENT. 

This  series  of  rocks  begins  at  base  with  the  Pittsburgh  coal  and 
extends  up  to  the  Gassville  shale.  The  thickness  varies  between  200 
feet  along  the  northwestern  outcrop  in  Ohio  and  380  feet  in  the  Monon- 
gabela  Kiver  region,  but  in  the  center  of  the  Appalachian  trough  a 
boring  at  Browutown,  Harrison  County,  West  Virginia,  carefully  meas- 
ured with  steel  line,  reveals  a  thickness  of  413  feet  from  the  top  of  the 
Waynesburg  coal  to  the  bottom  of  the  Pittsburgh  bed. 

Within  the  interval  there  belong  six  distinct  coal  beds,  though  only 
four  of  these  are  workable  over  any  considerable  area.  These  coals 
have  their  greatest  development  along  the  waters  of  the  Monongahela 
Biver,  and  hence  the  series  was  long  ago  named  after  that  river  by 
Prof.  H.  D.  Rogers. 

The  character  of  the  rocks  interstratified  with  the  coal  beds  changes 
greatly  in  passing  from  the  Monongahela  Biver  southwiird  to  the  Great 
Kanawha.  At  the  northern  end  of  the  basin  in  Marion,  Monongalia, 
Greene,  Washington,  Fayette,  and  Westmoreland  Counties,  limestone 
forms  about  one-half  of  the  rock  material,  and  the  same  is  true  on  the 
western  side  in  Brooke,  Ohio,  Marshall,  and  Belmont  Counties.  Bed 
shale  is  unknown  in  the  series  at  the  north,  but  in  passing  southward 
from  Harrison  and  Lewis  Counties  the  limestones  practically  disap- 
pear, and  with  them  all  of  the  coals  except  the  Pittsburgh.  With 
their  disappearance  red  shales  come  in  and  apparently  replace  the 
limestones,  so  that  on  the  Great  Kanawha  nearly  one-fourth  of  the 
rock  material  in  this  series  is  red  shale,  while  the  thickness  is  reduced 
to  270  feet.  Along  with  this  change  in  the  character  of  the  rocks 
there  occurs  a  great  change  in  the  topography  made  by  these  beds,  for 
at  the  north,  where  limestone  is  abundant,  sandstones  are  few  and 
shaly,  so  that  a  gentle,  rolling  topography  results,  with  a  very  rich  soil 
and  one  of  the  finest  grazing  and  farming  regions  in  the  country,  while 
to  the  southwest,  after  the  limestones  have  disappeared  the  sand- 
stones thicken  up  and  become  more  massive,  thas  giving  rugged  and 
precipitous  slopes  with  narrow  valleys. 
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The  character  of  the  Upper  Coal  Measure  rocks  in  the  several  portions 

of  the  area  they  occupy  is  shown  by  the  several  sections  which  follow. 

Section  in  Fayette  and  Westmoreland  Counties^  Fennsylvania . — Prof. 

Stevenson,  wlio  has  done  so  much  to  elaborate  the 
detailed  structure  of  this  series,  gives  the  following 
(Fig.  11),  in  Second  Geological  Survey,  Pennsylvania, 
,  Report  KK,  page  31,  as  the  general  section  of  these 
beds  in  Fayette  and  Westmoreland  Counties : 


>'3!-.«- .'•:-!  v>f/! 


•^; 


.•>.-•.«»{ 


li 


SflT 


Fayette  and  Westmoreland  CountieSf  Pennsylvania. 

fSee map,  En.] 


2S' 


1.  Coal.  Wayneabnrp 

2.  Sanay  shales  or  sandstono 

3.  Coal.  Little  Wajneaburi;  . 

4.  Limeatone.  Wayneslmrg . . , 

5.  Shale  and  shaly  sandstone 

6.  Coal,  Unioiitown , 

7.  Limeatone,  Uniontown  .... 

S.  Sandstone 

9.  Limestone.  "Great" 

10.  Coal,  Se wickley 

11   Sandstone 

12.  Limestone,  Se  wickley 

13.  Shale orshaly  sandstone.. 

14.  Coal,  Kedstone 

15.  Limestone,  Redstone 

IG.  Sandstone  or  shale 

17.  Coal,  Pittsburgh , 


Ft. 


Pt. 


Total 


6 

20  ] 

2  I 
20  f 

92 

60  J 

3 

12  ) 

:jo  > 

122 

80  > 

• 

30  ) 

25  [ 

75 

20  ) 

4 

10  ) 
40  J 

50 

12 

367 
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Section  at  Broxcnsville^  Pennsylvania. — At  Browns- 
ville,  Fayette    County,  Pennsylvania, 
Prof.    Stevenson    ftnds    the    following 


lOi 


lIULI 


Ft.  in.      W^^^^ 


structure,  (Fig.  12),  for  this  series,  as  pj^^^ 
given  in  KK,  page  233 : 

Fio.  11.— Section  in 
Fayette  and  Weat- 
moreland  C  o  u  n  • 
ties,  Pa. 

Brownsville^  Fayette  County^  Pennsylvania. 

[See  map,  K  m.]  Ft.  in 

1.  Coal,  Waynesburg,  blossom 

2.  Shalea,gandy 43 

8.  Coal,  Little  Waynesbnrg.  blossom 0 

4.  Limestone.  Wavnesbarg 4 

6.  Shales  and  shaly  sandstone 56 

€.  Coal,  Uniootown,  blossom 

7.  Limestone,  coarse,  yellow 1 

8.  Clay 3 

0.  Shale  and  sandstone 16 

10.  Limestone 2 

IL  Concealeti 17 

12.  Sandstone 1 3 

13.  Limestone  with  shales 42 

14.  Concealed 16 

15.  Limestone..*. 6 

16.  Concealed 7 

17.  Clay  shale 8 

18.  Sewickley  coal  horizon 

19.  Sandy  shale  and  flaggy  sandstone 80 

20.  Limestone - 30 

21.  Shale 35 

22.  Coal,  Redstone 

23.  Shale,  sandy 

CCoal....O'    8 

24.  Coal,  Pittsburgh <  Clav 

(Coal 


>    121 


.0'    8") 

.0'  10"  S 

T    6"> 


95 

0 
25 

0 


6 


Er  ^^      '  ^  -naMjafaja 


of 


S5' 


Total 


L 

354   6       l£^S^]*' 

Fio.  12.— SeoUon  ai 
Browii8TiU6|P», 


wnrrs,] 


SECTION   AT   EICE's   LANDING,    PA. 
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Section  at  West  Brownsville,  Pennsylvania. — On  the  opposite  side  of 
the  Monongahela  River,  in  descending  from  Kreb's  Knob  to  West 

Brownsville,  in  Washington  County,  the  writer  meas- 
ored  the  several  members  of  this  series  with  the  fol- 
lowing results  (Fig.  13) : 

^  West  BrownsvilUj  Waahington  County^  Pennsylvania. 

rSee  map,  K  m.] 


» *  • « •'»'•.'*  •  *  •'•  • 


4tf 


v.-/. 


f  Coal C  10" 


FL  in. 


(y  10"  1 
2*    6"> 


1    6     I 
0         J 

I 
] 


Fio.  13.— Section  at 
West  Brownsville, 
Pa. 


1.  Coal,  Waynesburg <  Clay 

(Coal 

2.  Shalea  and  sandstone 45 

3.  Bitumenons  sbale.  Little  Waynesburg  Coal 1 

4.  Limestone,  Waynesbarg .' 10 

5.  Sandstone,  shaly 40 

6.  Coal,  Uniontown 

7.  Limestone,  Uniontown 12 

8.  Sbalu  and  sandstone 28 

9.  Limestone,  with  thin  shales 88 

10.  Coal,  Sewickley,  blossom  

11.  Sandstone,  shaly 32 

12.  Limestone 30 

13.  Shales 20 

14.  Coal,  Redstone 

15.  Sandstone  and  shales .  

rCoal..O'  3"! 

16.  Coal. Pittsburgh, roof <CoaL!l'0''f -2    6    1 

I  Clay.!  10"  J  f 

17.  Coal,  Pittsbargh,  main  benob 7    0; 

Total 


Section  at  Biceps  Landing,  Pennsyl- 
vania.— In  the  steep  hillside,  one  mile 
below  Bice's  Landing,  Greene  County, 
Pennsylvania,  the  series  exhibits  the 
following  structure  (Fig.  14) : 


Ft.  in. 
3    7 

96    6 

3 

128 


82 

1 
45 


9    6 


368    7 


BMa  Landing,  Greene  County ,  Pennsylvania. 

[See  map,  K  m.  ] 


fCoal.-.-l'    0" 

I  Clay.... 0'    5" 

1.  Waynesborg  coal . . .  ^  Coal ....  1'   3" 


Ft.  in.       Ft.  in. 


'  »-*:•-•  •  •  • 


3»* 


I  Clay....  1'    2" 
I  Coal.... 2'    6"  J 


6  4       m 


2.  Shales 40 

3.  Limestone,  Waynesburg 6 

4.  Shales  and  sandstone * 45 

5.  Coal,  Uniontown 

6.  Limestone,  Uniontown 6 

7.  Shales  and  sandstone 38 

8.  Limestone,  *' Great " 82 

9.  Coal,  Sewickley 

10.  Sandstone 40 

11.  Limestone 25 

12.  Sandy  shale 30 

13.  Slate,  bitumiDOus  (Redstone  ooal) 

14.  Sandstone,  Pittsburgh,  flaggy 15 

16i  Sandstone,  Pittsburgh,  massive 30 

(  (Coaly shale..!'    0" 

[Roof.  <  Coal I'    2" 

16.  Coal,  Pittsburgh...^  (Clay C  10"  J^ 

IMain bench 7'    0". 


\ 


\ 


91 

1 

126 

1 

95 
1 

46 

10 


6 


M' 


25* 


30' 


Total. 


378    1 


Fio.   14.-.Section  al 
Rice's  Landing,  Pa. 


r* 
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fe•i»  wm  »  •  «  •  •  •  '^  "X.' 
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(Coal... 2'  6") 
1.  Coal,  Wayncsbttrg . .  <  Shale.  .1'  6"  \ 

~     '     .4'  0"  > 


8 


>    M 


Section  on  Eobinson^s  Run^  West  Virginia. — The  Upper  Coal  Measure 
beds  attaiu  a  very  fine  development  in  Monongalia  County,  West 
Virginia,  just  south  from  the  Greene  County  line,  and  there,  on  liobiu- 
son's  Run,  2  miles  west  from  the  Monongahela  River,  the  following 
succession  (Fig.  15)  is  exposed : 


Holnnson^B  Bun,' Monongalia  County,  JVest  Virginia, 
*         [Seomap,  L  m.] 

FL  Ml. 

B..1'  6"S    

(Coal 

2.  Sandy  ahales  with  iroo  ore  bolow  mitldle 35 

3.  Limtfstono,  Waynesbarg 8 

4.  Shales 10 

5.  Limeatone 1 

6.  Sandstone,  flaggy 40 

7.  Black  slate  (Uniontovn  ooal) 6 

8.  Limestone,  Uniontown 10 

9.  Sandstone  and  shales *. 35 

10.  Limestone € 

11.  Shales 10 

12.  Sandstone,  flaggy 30 

13.  Limestone,  cement  beds 20 

14.  Sandstone,  Sewickley 35 

lii.  Goal*  Sewickley 

1ft.  Shales 10 

17.  Limestone » 10 

18.  Shales 12 

19.  Limestone 18 

20.  Shales 15 

21.  Coal,  Bedstone 

22.  Limestone,  Bedstone 10 

23.  Shales  and  slates 20 


151 


66 


\ 


Fig.  15.— Section  on 
Kobinson's  Bun, 
W.Va. 


«  (Roof  coals..  3') 

24.  Coal,  Pittsburgh. . . .  <  Clay 1} 

(Uoal 8') 


4 
80 

12 


ToUl 


360       6 


Here,  as  will  be  seen  from  the  above  section,  the  Redstone  coal, 
which  belongs  between  the  Pittsburgh  and  Sewickley  beds,  has  thick- 
ened up  into  merchantable  condition.  This  coal  contains  a  little  more 
sulphur  than  either  the  Pittsburgh  below  or  the  Sewickley  above,  but 
it  makes  a  very  fair  fuel  for  domestic  and  steam  producing  purposes. 
It  is  softer  than  either  of  the  other  two  and  would  coke  well. 

The  Redstone,  Pittsburgh,  and  Sewickley  beds  of  this  section  foot 
up  a  total  thickness  of  21^  feet,  including  partings,  aud  about  17  feet 
of  this  is  merchantable  coal. 


wamLj 
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Section  on  8eoU^B  Eun,  West  Virffinia. — A  short  distance  south  from 
Bobinson's  Bun,  we  get  another  fine  exposure  of  the  Upper  Coal  Meas- 
ure beds  along  the  waters  of  Scott^s  Bun,  between  Gassville  and  the 
mouth  of  the  stream,  as  follows  (Fig.  16) : 

SootVa  JSirn,  Monongalia  County,  West  Virginia, 


[See  map,  M  m.] 


1.  GoaI,WAyiiesbiirg. 


fCoal 

I  Shale,  fouiliferoiu 
<Coal 


.1'  0" 
.1'  4"  } 


FLin, 


Ft  in. 


10    10 


j  Shale,  gray 1'  «"  ( 

I  Coal 6'  0") 


2.  Black  slate. 


mr 


1 

3.  Sandy  shalefi,  with  iron  ore 25 

4.  Limentone,  Waynesbarg 8 

5.  Sandy  shalcn,  with  limestone  layers 30 

6.  Sandatone,  masaive 20 

7.  Limestone  and  shales 15 

8.  Black  slate,  representing  Union  town  coal 

0.  Limestones,  interstratified  with  thin  shales,  cement 

be^s  near  base.  1 105 

10.  Sandstone,  Sewiokley 40 

11.  Coal,Sewickley * 

12.  Shales 6 

18.  Sandstone 10 

14.  Limestone 5 

15.  Shales,  greenish  gray 8 

16.  Concealed , 15 

17.  Limestone,  steel  gray 7 

la  Concealed 15 

19.  Coal,  Bedstone 

20.  Limestone,  Bedstone 18 

21.  Shale  and  fire  clay 5 

rCoal 
23.  Coal,  Pittsbargh,  roof 


.    90 


} 


145 


65 


28 


Shale 
Coal. 
Clay. 


O'  3") 

.2'  0^'  I 

.1'  0"( 

V  0"j 


f  Coal.. 3'  6" 


24.  Coal,  Pittsborgh,  main  bench  . 


Slate 

Coal^ 

Shite 

Coal. 

Slate. 

Coal 

Slate 

Coal. 


0' 

0' 
0' 

1' 


i" 

8" 
1" 


>    13    10| 


0'  i" 
0'  6" 

3'  Z") 


0  n 


Total 372     8^ 


Fio.   16. — Section    ou 
Scott's  Run,  W.Va. 


The  same  Bedstone  coal  makes  its  appearance  in  this  section  ;  in  fact 
it  underlies  all  of  tbe  region  intervening  between  Scott's  and  Robin- 
son's Buns,  thinning  out  southward  as  well  as  northward.  It  underlies 
an  area  of  probably  5,000  acres  where  it  is  of  workable  thickness.  In 
the  oil-well  borings  on  Doll's  Bun,  and  as  far  west  as  Mannington  and 
Fairview,  this  bed  is  still  present,  though  apparently  not  of  workable 
thickness* 
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Section  on  Buffalo  Creek,  West  Virginia. — Along  Bufifalo  Creek,  in 
the  vicinity  of  Fairmont,  Marion  County,  West  Virginia,  the  Upper 
Coal  Measures  exhibit  the  following  succession  (Fig.  17): 

Buffalo  Creek,  Marian  County,  Weat  Virginia^ 


I..   1'  0"> 
I.  ..8'  O'O 


[See  map.  M 1.] 

fCoal...(K  6"!  Ft.    in. 

I  Shale.. C  1" 

1.  Coait WAynesbnrg {Coal 

I  Shale 
I  Coal 

2.  Shales 20 

3.  Sandstone,  masslTO 30 

4.  Shale 3 

5.  Limestone,  Waynesbnrg 1    6 

6.  Shales 18 

7.  Limestone 1    6 

8.  Shalea 12 

9.  Satadstone 10 

1%^  10.  Shalea 6 

11.  Goal,  Uniontown 

Xm»  jp iPo oisy •  •«••« •*•••«•■•«•« •«« ••••■«•  •*«* •««•»••«•••«      % 

14.  Shalea  and  blaok  alate ^ 9 

15.  Limestone ■ 3 

18.  Fireclay 5 

17.  Shalea  with  limestone 6 

18.  Sandstone 2 

19.  Blneshale • 8 

20.  Limestone 1 

21.  Shales  and  concealed 25 

22.  Limestone  intentratified  with  thin  shales 85 

28.  Shales 5 

rCoal 6*  0"! 

I  Clay C  4" 

24.  Coal, Sewlokley....< Coal O' 4"  } 

I  Slate,  dark  .0'  3" 
ICoal 0*  5", 

25.  Shales 3    6 

26.  Limestone,  buff 4 

27.  Sandstone,  gray,  massive 18 

28.  Limestone^  gray 5 

20.  Concealed  and  shalea 15 

80.  Imporeolay 5 

81.  Limestone  and  shales 20 

32.  Sandstone,  Pitt«bargh 25 

83.  Shales 5 

f  Coal,  bony.  C  10" 

Bone 0'  IJ" 

Coal 2'  3" 

Slate 0'     k"> 

jCoal 0'  " 

Slate 0* 

(Coal 3' 


34.  Coal,  PittsbTirgh. . .  < 


5" 
54" 


Fio.    17.— Section     on 
Buffido  Creek,  W.Ya. 


Total 


n.  in. 
5    11 


>  101 


2     6 


>  149 


6     4 


>  100      6 


I 


li 


872      4i 


The  portion  of  this  section  from  the  Sewickley  coal  down  to  the  base 
of  the  series  was  measured  at  the  Montana  mines,  2^  miles  below  the 
mouth  of  Buffalo  Creek. 

The  Redstone  coal  is  entirely  absent  here,  its  horizon  being  occupied 
by  the  5  feet  of  impure  fire  clay,  50  feet  above  the  Pittsburgh  bed. 

Section  at  Clarksburgj  West  Virginia, — In  passing  from  Marion  County 
southward  towards  Clarksburg,  in  Harrison  County,  a  great  change 
takes  place  in  the  character  of  the  sediments  of  the  Upper  Coal  Meas- 
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ures.  The  limestones,  so  prominent  in  Oreeue,  Monongalia,  and 
Marion,  dwindle  down  to  insignificant  proportions,  as  shown  by  the  fol- 
lowing section  (Fig.  18),  made  at  Olarksburg  by  Mr.  Jno.  L.  Johnston, 
civil  engineer : 


gS^ric^^ 


*SK&S€«^K» 


■I  ;  I  .  ^, 


^\T  ji-. 


.•:*Sr:: 


--^ 


^isvvi-.:v-^ -*.-•.'■ 


Fio.  18 — Section  at 
Clarksbarg,  W.  Va. 


Clarktburg,  Harrison  County,  West  Virginia, 

[See map,  Ok.] 

Ft.  in, 

1.  WaynMbnrg  coal,  absent  or  Dot  seen 

2.  Concealed  and  yellow  sandy  Bhalea 65 

3.  Sandstone...,, -  25 

4.  Conoealed,  with  some  limestone 80 

6.  Sandstone 20 

€.  Conoealed 5 

7.  Sandstone 16 

&  Saadysbales %.  6 

9.  Sandstone,  ^wlokley 25 

10.  Shales 10 

11.  Coal,  Sewickley 

12.  Limestone {&;;:'7''    l''\ » 

13.  Concealed '. 3 

14.  Shales,sandy 14 

15.  Shale,  with  iron  nodales 1 

16.  Shales,8andy 4 

17.  Sandstone 1 

18.  Concealed 8 

19.  Cool,  Bedstone,  slaty 

20.  Shale,  dark,  hitominoos 5 

21.  Limestone,  Bedstone 6 

22.  Shale,  greenish 13 

23.  SUte,  bitaminous 1 

(Coal.. ..3     5") 

24.  Coal, Pittsburgh.^ Bone... 0*    I'jS  


i  Coal. 


Ft.  in. 
0 


}  251 


>    40 


3 


V    25 


Total 


328    C 


tor 


Section  at  Chapline  Hilly  Wheeling^  West  Ftr<7ima.— Between  the  Monon 
gahela  and  Ohio  Rivers  a  considerable  change  takes  place 
in  the  character  of  the  Upper  Coal  Measure  beds,  and 
also  in  the  thickness  of  the  several  members,  as  will  be 
seen  by  the  following  section  (Pig.  19)  from  Chapline 
Hill,  Wheeling,  West  Virginia : 

Chapline  Hill,  Wheeling,  West  Virginia, 

[See  map,  K  J.]  Ft.  in. 

1.  Coal,  Wayneabnrg 

2.  Concealed 


Ft.  in. 


5 


3.  Flaggy  sandstone,  filled  with  plant  fragments 4 

4.  Conoealed 4 

5.  Limestone,  shales  and  conoealed 60 

6.  Sandstone,  mansive,  gray 5 

7.  Limestone  And  concealed 20 

8.  Green  shale 6 

9.  Limestone,  interstratitied  with  sh^es 55 

SCoal 1 

Sandy  shales  with  plants 12 

Coal 0 

11.  Shales 8 

12.  SandKtone,  rather  massive,  micaceous,  current-bedded 20 

13.  Lira estone,  impure,  flaggy,  filled  with  fossil  ferns 1 

14.  Coal,  Bedstone 

15.  Limestone,  mostly  huffish  and  impure 

(Coal,  roof. 2 

16.  Pittsburgh  coal <Shale 

(  Cold,  main  bench 


158 


0 
0 
8 


..2'S 

..5' J 


13    8 


29 

0  10 
55 

9 


ToUl 

BnU.  66- 


Fuj.  19 — Section  at 

Chapline  Hill, 

267    6     Wheeling, W.Va, 
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Here  the  Waynesburg  coal  has  dwindled  to-aa  animportant  bed, 
and  the  Sewickley  has  split  into  two  portions  sep^^rated  by  12  feet  of 
shales,  while  the  whole  column  has  lost  more  than  100  feet  of  thick- 
ness compared  with  the  Monongahela  Biver  regioq. 

Section  near  Bellaire^  O^io.— At  Bellaire,  Ohio,  4  miles  below  Wheel- 
ing, the  following  carefully  leveled  section  (Fig.  20)  was  made  by  Prot 
C.  N.  Brown,  of  the  present  Ohio  Geological  Survey.  It  exhibits  some 
interesting  changes  as  compared  with  the  Wheeling  section : 

Near  Bellaire,  Belmont  County ,  Ohio. 


[See  map,  K  i.] 


Ft  in,        FL  in. 


1.  CoalWajnesbarg... 

2.  Shale,  sandy 

3.  Shale 

4.  Lime«toiio 

5.  Concealed 

6.  Coal,  blossom,  Little 


Fig.  20.— Section  near 
Bellaire,  Ohio. 


« 

1 12 

* .- 3 

5 

Waynesbarg 

7.  Concealed 14 

8J  Coal,  blossom,  Hiiiontown 

9.  Shale 4 

10.  Sandstone 6 

11.  Shale,  argillaceoaa 20 

12.  Conoeatod 32 

13.  Shale 2 

14.  Sandstone 3 

15.  Shale 3 

16.  Concealed 33 

17.  CalcareoQs  shale,  with  thin  limestones 24 

rCoal 4'    0") 

I  Shales,  sandy 13'  10"  ' 

18.  Goal, Sewickley.... <^  Coal 0'    8" 

I  Shale,  argillaceous  6'    0" 
ICoal 3'    0" 

19.  Shale,  argillaceous 2 

20.  Limestone,  thin  clay  in  center 8 

21.  Limestone,  magnesian,  cement  rock 5 

22.  Clay 1 

23.  Limestone 11 

24.  Concealed 11 

25.  Coal,  Kedstone,  blossom 

26.  Concealed 17 

27.  Shale 1 

28.  Coal,  Pittsburgh 


6 


>     iO 


>  127      6 


27      6 


J'    38 

2 
18 


Total 


263 


The  interval  between  the  two  members  of  the  Sewickley  coal  has 
here  increased  to  20  feet,  and  the  upper  one  seems  to  keep  permanently 
above  the  lower  one  from  here  southwestward  through  Ohio,  becoming 
the  Cumberland  and  Meigs  Creek  bed  of  the  Ohio  geologists. 

Both  the  Little  Waynesburg  and  Uniontown  coals  are  represented 
in  this  section,  but  neither  one  was  observed  at  Wheeling. 

It  is  worthy  of  note  that  there  is  a  difference  of  only  4  feet  in  the 
total  thickness  of  the  Upper  Coal  Measures  as  given  by  Prof.  Brown's 
section  at  Bellaire  and  mine  at  Wheeling,  four  miles  above. 
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Section  at  Moundsvilley  West  FtVflftma.— Near  the  mouth  of  Grave 
Creek,  one  mile  below  Moundsville,  West  Virginia,  and  7  miles  below 
Bellaire,  these  measures  exhibit  the  following  succession  by  combining 
the  surface  exposures  with  the  record  of  an  oil  boring  (Fig.  21) : 

MoundsvilUy  Marshall  County,  West  Virginia, 


•  ■**  ■  ■ »  •  •  • «  •  ji  ■  •  •• 
i* — *>^ 


. •  •_•  • » »j»% 

•  *• ••  •••*•••■ 

■••_•-----  —  -  ■ 


^^^sm 


[See  map,  K  1. ) 


1.  CoaI,  Waynesbnre. 


! Coal, impure.. 0'  6 
Shale 1'  0 
Coal V    6 


"J 


FCin. 


FL  in. 
8 


Fio.  21.— Section  at 
Moundsville,  W.  Va. 


2.  Shale,  soft,  gray : 5 

3.  Sandstone,  massive,  gray,  micaceous 20 

4.  Concealed,  with  limestone  layprs  at  base  2  feet  thick....  %0 

5.  Flaggy  sandstone  and  sandy  shales 20 

6.  Concealed 10 

7.  Limestone .*. ^....  1 

a  Concealed U 

9.  Limestone,  gray 22 

10.  Concealed  to  month  of  oil  and  gas  well  at  30  feet  above 

low- water  miu'k  in  Ohio  River 28 

U.  Conductor  hole  of  oil-well  record 18 

12.  Limestone,  light  gray 40 

13.  Slate 15 

14.  Black  rock,  shales 10 

15.  Coal,  Bedstone 

16.  Fireclay 7 

17.  Hardslate.  4 

18.  Gray  limestone 20 

19.  Bastard  limestone 10 

20.  Coal,  Pittsburgh 


>  223 


6 


>    41 


6 


Total 


274      6 


Section  on  Pipe  Gr^ek,  Ohio. — Pipe  Creek  puts  into  the  Ohio  Eiver 
3  miles  below  the  mouth  of  Qrave  Creek,  and  there,  on  the  Belmont 
County  side  of  the  river,  the  Pittsburgh  coal  is  at  low- water  level.  The 
following  structure  (Pig.  22)  is  found  in  the  steep  hills  which  border 
the  mouth  of  Pipe  Creek : 


Pipe  CreeJCt  Belmont  County ^  Ohio, 


[See  map,  K  i.] 


Feet. 


6.  Coal,  Sewickley 


0" 

4" 
0" 
4" 
Q" 
8" 
4" 
0" 
4" 


1.  Coal,  Waynesburg,  slaty  at  top 

2.  Concealed,  limestone  and  shales 

3.  Bituminous  slate,  Uniontown  coal 

4.  Limestone,  Uniontown 10 

5.  Concealed,  with  much  limestone 100 

Coal. and  coaly  shale..  2'    0" 

Sandstone 12' 

Coal 0' 

Shale 1' 

Coal 0' 

Shale,  sandy  5' 

Coal,  slaty  1' 

Shale 0' 

Coal 1' 

iBlackslate 0' 

7.  Limestone,  Sewickley, and. shales 

8.  Bituminous  shale,  (Redstone  coal) 

0.  Limestone,  (Kedstone)and  concealed 

10.  Coal,  Pittsburgh 

Total 


Feet. 

4 

56 

1 

110 


> 


24 


BqU^ 


22 
1 

25 
6 

248 


Fig.  22.— Section  tu 
Belmont  County, 
Ohio. 
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Below  this  last  locality  no  raeasureinent  of  the  Upper  Coal  Measare 
series  is  possible  for  a  long  distance,  because  Toostof  the  members  are 
below  water  level.  They  are  all  brought  to  the  surface,  however,  by 
the  Volcano  anticline,  which  crosses  the  Ohio  River  from  Pleasants 
County,  West  Virginia,  into  Washington  County,  Ohio. 

Section  in  Washington  County,  Ohio. — Mr.  F.  W.  Minshall,  of  Marietta, 
Ohio,  has  made  a  very  careful  study  of  these  measures  in  Washington 
County,  Ohio,  and  has  prepared  the  following  section  (Fig.  23)  as  rep- 
resenting their  usual  structure  there : 


WatMngton  County^  Ohio. 

(S«emap,  H  g.J 
1.  Coal, Wayneabarg  (Macksbarg)... 


Ft.  in. 


FL  in. 
4 


2.  Sbale   U 

3.  Sandtttone 11 

4.  Shale..., 18 

5.  LfmcRtone 6 

6.  Sbaly saDdstoiie 18 

7.  Limaatone  and  sbale 28 

8.  Coal,  Sewiok ley  (Meigs  Creek) 

9.  Sbales  and  limestone 26 

10.  Sbales 40 

11.  Sandstone 18 

12.  Shales 4 

13.  Coal,  Pittsburgh,  thin 

Total 


96 


2 


88 


190      0 


Fio.  23.— Section  in 
Washington  Connty , 
Obia 


The  thickness  here  given  is  50  to  60  feet  less  for  the  entire  series  than 
that  usually  found  in  any  other  portion  of  the  Appala- 
chian field. 

Section  at  Burning  Springs^  West  Virginia, — In  the  vi- 
cinity of  Burning  Springs,  Wirt  County,  West  Virginia, 
these  rocks  are  brought  above  the  surface  by  the  same 
anticline,  and  there  Mr.  Minshall  reports  the  following 
structure  (Fig.  24) : 


107' 


Burning  Springs^  Wirt  County ,  West  Virginia. 

(See  map,  P  g.] 

Ft.  in. 

1.  Coal,  Waynesbarg 1    8 

2.  Concealed  and  sbales , 207 

3.  Sandstone,  Pittsburgh 30 

4.  Shales 10 

B.  Coal,  Pittsburgh 1    8 


Total 250    4 


>5HU- 


Fig.  24.— SectiaiJ  a 
Bamlng  Springs 
IT »  T  a« 


Whitr.I 
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Both  here  and  all  along  the  Volcano  anticline  the  Pittsburgh  coal 
iti  very  poorly  developed,  as  shown  in  this  and  the  previous  section, 
and  it  is  frequently  absent  entirely. 

Section  on  Leading  Creek,  West  Virginia. — ^Near  Leading  Greek  post- 
office,  at  the  eastern  edge  of  Gilmer  County,  West  Virginia,  this  series 
shows  thus  (Pig.  25) : 

Leading  Creeks  Gilmer  Countjff  West  Virginia. 


'A*.  


aaP 


[See  map,  Pj.] 


•»««••« 


1.  Waynesbnrg  coal  horizon  (absent) 

2.  Shales 

3.  Limestone,  brecciated 

4.  Shales  and  concealed 

5.  Sandstone,  yellow,  massive,  soft, pebbly 
6^  Shales 

7.  Limestone,  impure 

8.  Shales 

9.  Sandstone, massive...... 

10.  Shales 


Feet. 


Mi» 


Fio.    25 — Section    on 
Leading  C  reek,  W.Va. 


Coaly  shales..  12'    0" 

Clay (K  10" 

ll.Coal.Pittsburgh..Jg°^yc<>al;..o;   6;; 

!  Bony  slate...  0'    4"  I 
I  Coal 2'    0"j 


0 
10 

3 

35 
40 
10 

2 
40 
40 
55 

8 


Total 


243 


Antiquity,  Meigs  County t  Ohio. 

[See  map,  P  e.] 

Ft.  in. 

1.  Waynesbnrg  coal  (absent) (T 

2.  Shales  and  sandstones > 172 

3.  Sandstone,  massive,  Pittsburgh 70 

4.  Shales,  with  fossil  plants 10 

iCoal 2'    C"> 
Slate. ...0'    2"> 
Coal 3'    0") 


f^.^^1 


Section  at  Antiquity ,  Ohio. — Along  the  Ohio  River,  below  where  the 
Volcano  arch  crosses,  the  Upper  Coal  Measures  again  plunge  under 
water  level,  and  do  not  emerge  again  till  we  come  to  the 
vicinity  of  Antiquity,  Meigs  County,  Ohio,  100  miles  be- 
low. A  shaft  to  the  Pittsburgh  bed  (130  feet  under  riv^er 
level),  taken  in  connection  with  the  surface  exposures 
there,  reveals  the  following  succession  (Fig.  26) : 


:•>-•  •  •  •  Vtf  •  •  1 


iiamiinr 


r»  «>  wv  •  •f» 


trigTr^'Tr.iT  uu 


r.- ♦.•  r#  •  •  Vs  •V 


V.',V.V.'.%*.',V 


5    8 


Total 257    8 


Fio.    26.  —  Section 
at  Antiquity,  Ohio. 


Section  at  Hartford  City,  West  Virginia. — Six  miles  below  the  shaft 
at  Antiquity,  and  in  the  vicinity  of  Hartford  City,  the  Pittsburgh  coal 
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comes  above  water  level.    In  the  steep  bluflfs  above  Hartford  the  fol 
lowing  succession  (Fig.  27)  was  observed  : 

Hartford  City,  Mown  dnmty,  West  Virginia. 


*   •    •    •    w       • 


I.  ••  •••  •••••• 

<•  •  •  •  •  •  •  •  ■  •  •  < 


TDT 


IV 


Fig.  27.— Section  at 
Hartford  Citj-. 
W.Va. 


[See  map,  P  d.] 

FL  in. 

1.  Waynesbnrg  eoal  (absent) : o 

2.  Red  flhaltt 10 

3.  Shale.gray 5 

4.  Sandafcone 6 

5.  Sbali^s,  brovu,  aaudy 10 

6.  Sbale8,red 2 

7.  Concealed 14 

8.  Red  sbale,  witb  Umestone  nodules 10 

9.  Sandstone 20 

1 0.  Shales,  variegated  with  limestone  nodules  near  base 28 

Ju*   v/OUOCftlMl  •■•••»  ■■•«••«•••••«••••«■••••••«•*•••••••••••••••••••••■•  ••  2v 

t%9  omsiOii ino^  •••>••  •.«••• . ....«•  ••»••■  ••«•■•  ••■•  •••■•«««•••  •**•*••  «•••■•  A«) 

15.  Sandstone,  massive,  Pittsburgh 70 

16.  Shales,  grayr  fossil  plants 15 

17.  Coal,  Pittsburgh 5   6 


Total 255   6 


iHection  at  Arhuckle,  West  Virginia. — In  the  vicinity  of  Arbuckle, 
Mason  County,  West  Virginia,  on  the  Great  Kanawha  River,  and  18 
miles  above  its  mouth,  the  Waynesburg  coal  makes  its  appearance  in 
the  section.  Here  the  following  structure  (Fig.  28)  was  obtained  for 
the  series,  by  combining  the  surface  exposures  with  the  record  of  a 
boring  made  by  Mr.  Craig : 


JrbuokU,  Mason  County y  West  Virginia, 


[See  map,  Qe.] 

f  Coal,  slaty 0'  10" 

1  Coat  sulph  urous  . . .  O'    8" 

1.  Waynesburg  coal . .  <{  Shale,  dark 0'    5" 

I  Coal,  good 0'    8" 

I  Coal,  slaty C    5". 

2.  Shales,  sandstone,  and  concealed , 

3.  Sandstone,  blue 

4.  Shales,  red ; 

5.  Sandstone,  blue,  hard 

G.  Variegated  shales 

7.  Coal,  Sewlckley 

8.  Sandstone 

9.  Shales,  red 

10.  Shales,  variegated 

11.  Fire  clay,  impure  (Redstone  coal) 

12.  Sandstone,  coarse,  white,  Pittsburgh 

13.  Fire  clay  and  shale  with  a  little  slaty  coal  at  bottom,  Pittoburgb. 


Ft, 


150 
4 
2 

14 
8 
1 
6 
4 

48 
2 

29 

10 


•V, 


4a' 


Total. 


FlQ.  28.— Section 

at  Arbnckle,  W. 

281     Va. 


Here  there  is  practically  no  merchantable  coal  in  the  whole  series, 
BiDce  the  Waynesburg  bed,  although  3  feet  thick,  is  poor  and  slaty. 


■K.1 


SECTION    OPPOSITE    WINt'IELD,    W.    VA. 


Tbe  locality  is  near  the  center  of  the  deepest  portion  of  the  Appalachian 
trough,  and  the  horizon  of  the  Pittsburgh  coal  is  90  feet  under  the  Ka- 
nawha. A  hole  was  drilled  as  a  teat  for  this  coal,  but  the  result  proved 
only  a  trace  of  it  present. 

Section  at  moutk  of  Big  Hurricane  Creek,  Putnam  County,  West  Vir- 
ginia.— Southward  up  the  Kanawha  Eiver  from  Arbuckle,  the  locality 
of  Section  28,  the  rocks  rise  and  the  entire  aeries  comes  above  water 
level  at  the  mouth  of  Big  Hurricane  Creek,  in  Putnam  County.  Here, 
32  miles  from  the  mouth  of  the  Big  Kanan-ba,  the  fol- 
lowiug  succession  may  be  seen  (Fig.  29) :  , 

Mouth  of  Big  Burricana  Creti,  Pulnam  Coauig,  We»l  Virginia. 
(SMnap,  Bd-l 


WaTseebnrc  com 
Slu>le4,reduds> 
butdj  gtaalaa  — 
«  buidBl«ae»  naosfll^ 
S  Cul.  UDioatowD 
e.  Bed  ahilca.  wlUi 
T.  Sbiilei,  und;  . . . 

8.  CoDcealed 

9.  ShBlHiUDdr  ... 

10.  CoDCCBlod  and  n 

11.  SaDdgtAiiH.iiiaHl 

12.  Concealed 


Sand  at. 
Sbale.wlttali 
SaDdBtOBe  .. 


16.  CoBl.PiUabiiriEh,nwr.. 


IT.  Coal,  PtttabHTKh.  m^n  bench .  i 


The  Pittsburgh  coal  is  patchy  all  throngh  this  region, 
being  workable  on  some  farms  and  absent  ou  others 

Section  opposite  Winfield,  West  Virginia.—Aa  showing 
the  unreliable  character  of  the  coaU  in  this  series  along 
this  portion  of  the  Kanawha,  the  section  (Fig.  30)  of  the 
rocks  opposite  Wiufleld,  Putnam  Ooanty,  5  miles  above 
Big  Hurricane,  is  given : 

OppofiU  Winfield,  Patnam  County,  Wat  Virginia. 
[See  map,  Se.l 


4.  Concealed 

6.  Redi-baie 

i.  SapdatoDe,  flaggy. . 
T,  Red  abales.  wTih  Hi 
8.  SaadiilODe,  ahaly  ■  ■ 


.T, place  fur  Pittoliargli  coal... 


L_^ 
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This  sectiou  was  measured  io  the  steep  hill  at  Red  House  StatioD,  on 
the  Eauawha  and  Ohio  Bailroad,  and,  as  may  be  seen,  the  series  does 
not  there  contain  any  coal  whatever. 
Section  near  Raymond  City^  West  Ftr^ma.— Further  up  the  E^anawfaa 

the  Pittsburgh  coal  again  comes  in,  and  the  follow- 
ing structure  (Fig.  31)  is  found  in  the  vicinity  of 
Baymond  City,  6  miles  above  Winfield : 

Near  Baymond  Cityy  Putnam  County,  West  Virginia, 

[See  map,  Se.] 

FL  in. 

1.  Waynesbarg  coal  (absent) 0 

8.  Concealed,  with  red  abale 00 

3.  Bedabale 8e 

4.  Sandstone,  gray,  micaceons 4 

6.  Limetone,  in  red  sbale 5 

6.  Sadabale 16 

7.  Sandy  shale,  t^ray SO 

8.  Shale,red 40     * 

9.  Sandy  shales,  yellowish  gray 45 

10.  Black  shale,  Redstone  coal 2 

11.  Sandstone.  PitUborgh 40 


•  #•■»•  ■•■•••*< 
■  •«-«•-•«•.*•»•■ 

•  •  •■•  »••••#•»•■ 

•  •  •    •••»•-•»•»■ 

V «  ■  ■  •  »  •  r  *  •  *  t « 


.  *  •  ■ 


12.  Shales 


10 


40' 


13.  Coal,  Pittsburgh,  roof 


Fio.   31.  —  Section  near 
Baymond  City,  W.  Va. 


fCoal 0 

Shale 0 

)Coal.. 

^  Shale 0- 

Goal,  slaty 

[Fine  clay 


0'  4"! 

0'  4" 

O'  6"l^ 

0-  \"  { 

jr...l'  0" 

....1'  6"J 


3'    9 


"  \ 


rCoal,good...  8*    0" 

14.  Coal,  Pittsbnrgh,  main  bench .  I  Slate C    i 

(Coal,  slaty... 0'  lu" 


>     10    1\ 


104"  i 


Total , 291    7| 


Section  in  vicinity  of  Western  Port^  Maryland. — In  the  Gumberlaiid  or 
Georges  Greek  basin,  the  Upper  Goal  Measures  ex- 
hibit the  following  structure  (Fig.  32),  as  observed 
in  the  vicinity  of  Western  Port,  Maryland : 

Vidnity  of  Western  Port,  Alleghany  County,  Maryland, 


[See  map,  N  p.] 

Ft.  in, 

1.  Waynesbnrg  coal  (not  seen) 0 

2.  Concealed  and  shales .,..130 

3.  Coal,  Sewickley 6 

4.  Shales  and  concealed 116 


6.  Coal,  Pittsburgh,  roof ^  |^^® 

Shale! 


fCoal C    8"! 


4'  0"  I 
1'  0"f 
V    0"J 


G'  8 


// 


rCoal 10'  O""* 

Slate 0'  2" 

Coal 0'  »" 

e.  Coal, Pittsburgh, main  bench <  Slate C  i">  13' 7J" 

Coal 2'  0" 


20    3i 


Black  slate    0' 

Soft  coaly  sbale.  O' 


8" 
2" 


Total 270    34 


Fig.    32.  — Section 
near  Western  Port.Md. 
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From  the  foregoing^  sections  it  will  be  perceived  that  the  beds  in  the 
Upper  Goal  Measures  which  have  received  distinct  names  are  in  de- 
scending order  as  follows : 


Wayneebarg  coal. 
Browntown  sandstone. 
Litfle  Waynesbnrg  coal. 
Wayneebarg  limestone. 
UniontowD  sandstone. 
Uniostown  coal. 
Uniontown  limestone. 
Great  limestone. 


Sewiokley  sandstone. 
Sewickley  coal. 
Se  wick  ley  limestone. 
Redstone  coal. 
Redstone  limestone. 
Pittsbargh  sandstone. 
Pittsburgh  coal. 


These  several  beds  we  shall  now  notice  more  in  detail. 

OHARACTERISTIC  HORIZONS. 

THE  WAYNKSBURO  COAL. 

This,  the  highest  member  of  the  series,  is  generally  quite  persistent 
aronnd  the  northern  end  of  the  coal  field,  but  followed  southward 
through  West  Virginia  it  soon  becomes  patchy  and  interrupted,  so  that 
beyond  the  line  of  Marion  County  the  coal  is  only  occasionally  present 
along  the  eastern  and  central  portions  of  the  Upper  Goal  Measure  belt, 
its  horizon  being  frequently  occupied,  as  at  Harrisville,  Eitchie  County^ 
by  a  brecciated  limestone. 

On  the  Great  Kanawha  this  coal  occurs  near  the  center  of  the  Appa- 
lachian ttough  over  a  small  area  in  the  vicinity  of  Arbuckle,  and  its 
structure  there  is  given  in  Section  28. 

Along  the  western  side  of  the  field,  down  the  Ohio  Elver  and  across 
southern  Ohio,  this  coal  is  fairly  persistent  It  dips  under  the  Ohio 
Eiver  at  Kew  Martinsville,  but  rises  to  daylight  again  near  St.  Mary's, 
where  it  is  only  1  to  3  feet  thick,  and  quite  sulphurous. 

In  the  Macksburg  oil  region  it  is  the  principal  bed,  according  to  the 
Ohio  geologists,  and  has  a  thickfiess  of  4  feet. 

This  coal  is  almost  universally  double,  being  separated  into  two  layers 
by  a  division  of  shale  and  slate.  This  is  so  common  at  the  northern  end 
of  the  field  that  it  is  known  there  as  the  "  horse-back ''  vein.  In  Mo- 
nongalia and  Greene  Counties  the  bed  is  often  8  to  10  feet  thick  and 
separated  into  three  layers,  the  upper  division  of  slate  being  very'fos- 
siliferous,  and  often,  as  at  Cassville,  West  Virginia,  containing  many 
insect  remains,  together  with  fossil  plants. 

The  coal  from  this  bed  is  usually  rather  hard,  and  comes  out  in  large 
blocks ;  but  it  frequently  contains  injurious  quantities  of  sulphur.  This 
renders  it  unfit  for  smithing,  as  well  as  for  the  manufacture  of  coke  aud 
gas,  but  it  is  generally  a  useful  fuel  for  steam  and  domestic  purposes. 

IRON  ORB. 

The  shales  which  underlie  the  Waynesburg  coal  sometimes  contain 
a  considerable  quantity  of  iron  nodules,  and  they  were  once  mined  in 


ir^ 


58  THE    NORTHERN   BITUMINOUS   COAL   FIELD.  [^vll.  6L 

Morgan  Township,  Greene  County,  Pennsylvania,  and  used  in  maca- 
facturing  iron.  The  same  ore  occurs  near  Bethel  Church,  Cass  District, 
Monongalia  County,  at  15  to  20  feet  below  the  coal. 

THE  BROWNTOWN  SANDSTONE. 

In  many  portions  of  Marion  and  Harrison  Counties,  West  Virginia, 
the  interval  beginning  5  to  10  feet  below  the  Waynesburg  coal  is  occu- 
pied by  a  hard,  gray,  massive  sandstone,  20  to  35  feet  thick.  It  is 
finely  exposed  along  the  bed  and  bluffs  of  Ten  Mile  Creek,  at  and  below 
Browntown,  Harrison  County,  West  Virginia,  and  has  been  designated 
from  that  locality.  The  deep,  rocky  cuts  along  the  Baltimore  and  Obio 
Kailroad,  beginning  1  mile  east  of  Mannington,  Marion  County,  and 
extending  to  the  mouth  of  Mod's  Bun,  are  all  in  this  sandstone*  It  is 
sometimes  called  the  ^^  Gilboy "  sandstone,  from  a  rocky  cut  of  that 
name  near  Mannington.  This  is  nearly  always  a  water-bearing  stratum, 
and  the  oil  wells  of  Marion  County  have  to  be  cased  below  this  rock  in 
order  to  shut  off  the  fresh  water. 

THE  LITTLE  WAYNESBURG  COAL. 

At  many  localities  around  the  northern  end  of  the  Upper  Coal  Meas- 
ure area  a  thin  streak  of  coal  or  bituminous  slate  occurs  at  25  to  40 
feet  below  the  Waynesburg  coal,  and  it  was  termed  the  Ldttle  Waynes- 
burg coal  by  Prof.  Stevenson.  It  seldom  exceeds  1  foot  in  thickness, 
and  is  of  no  economic  importance.  It  is  usually  separated  from  the 
main  coal  above  by  shales  and  sandy  beds,  and  should  probably  be 
regarded  as  an  offshoot  from  the  Waynesburg  coal  proper.  It  is  seldom 
seen  south  from  the  Pennsylvania  line,  though  it  occurs  along  the  Ohio 
Biver  at  several  places. 

THE  WAYNESBURG  LIMESTONE. 

Directly  under  the  last  described  stratum  there  occurs  a  limestone 
of  very  wide  distribution.  Its  place  is  generally  about  40  feet  below 
the  Waynesburg  coal,  though  sometimes  it  is  less,  and  occasionally  a 
few  feet  more.  It  is  usually  of  a  dark  gray  color,  and  several  of.  the 
layers  make  excellent  lime  for  agricultural  and  building  purposes.  The 
thickness  in  Pennsylvania  and  northern  West  Virginia  is  seldom  less 
than  8  feet,  and  frequently  double  that,  but  south  westward,  toward  the 
Great  Kanawha  region,  the  limestone  disappears  entirely. 

THE  UNIONTOWN  SANDSTONE. 

At  60  to  75  feet  below  the  top  of  the  series  there  frequently  occurs 
a  massive,  gray  sandstone  whose  horizon  comes  immediately  above  the 
Uniontown  coal ;  and  hence,  although  the  stratum  in  question  is  not 
prominent  at  Uniontown,  it  has  been  designated  from  its  relations  to 
the  underlying  coal. 

The  rock  has  occasionally  been  mistaken  for  the  Waynesburg  sand- 
stone^ which  belongs  nearly  100  feet  above.    It  is  well  exposed  at  Bob- 
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town,  Greene  County,  Pennsylvania,  where  it  crowns  the  snmrait  of  the 
hill  overlooking  Dankard  Greek  as  a  bold  cliflf. 

In  the  Oeorges  Creek  coal  field  a  massive  sandstone  occnrs  250  feet 
above  the  Pittsburgh  coal,  and  it  was  once  referred  by  the  writer  to 
the  Uniontown  horizon  under  the  name  of  "  Westernport  sandstone," 
but  subsequent  study  seems  to  place  it  in  the  horizon  of  the  Waynes- 
burg  sandstone. 

THE  UNI  ONTO  WN  COAL. 

This  bed  underlies  the  Waynesburg  coal  by  an  interval  of  80  to  100 
feet,  and  is  of  economic  importance  only  in  Fayette  and  Washington 
Counties,  Pennsylvania.  It  was  named  by  Rogers  from  Uniontown, 
Fayette  County,  where  it  is  well  exposed.  The  thickness  seldom  ex- 
ceeds 3  feet,  even  in  the  region  of  its  best  development,  and  the  coal 
has  never  been  used  except  for  domestic  purposes,  since  it  is  usually 
neglected  for  the  great  Pittsburgh  bed  below.  It  often  contains  a 
clay  or  slate  parting  near  the  center,  4  to  6  inches  thick,  and  is  rather 
too  rich  in  ash  for  a  first-class  fuel. 

Southward  from  Fayette  County,  through  Greene,  Monongalia,  Mar- 
ion, and  Harrison,  this  coal  thins  away  to  a  bed  of  black  slate  mixed 
with  slaty  coal  that  is  often  rich  in  fish  remains  and  bivalve  crusta- 
ceans, which  may  be  found  in  abundance  near  Davistown,  Greeue 
County,  Pennsylvania. 

Along  the  Ohio  Biver  at  Wheeling,  Bellaire,  Clarington,  and  other 
points,  this  bed  is  sometimes  represented  by  a  thin  streak  of  black  slate 
or  coal.  In  the  Salisbury  basin  of  Pennsylvania  it  is  recognized  by 
Messrs.  Piatt,  and  is  there  over  3  feet  thick,  with  slate  near  center. 

TIIK  UNIONTOWN  UMKSTONE. 

To  the  division  of  the  *'  Great"  Limestone  which  immediatelv  under- 
lies  the  last  described  coal  bed.  Dr.  Stevenson  gave  the  name  TTnion- 
town,  since  it  seems  to  be  fairly  well  separated  from  the  great  mass  of 
limy  deposits  below.  This  division  is  usually  10  to  15  feet  thick,'  though 
occasionally  it  surpasses  these  figures.  The  rock  is  frequently  impure 
and  of  a  huffish  color,  being  magnesian,  and  occasionally  a  good  cement 
rock,  as  at  Uniontown,  Pennsylvania.  This  is  the  only  member  of  the 
"  Great '^  Limestone  which  appears  to  be  persistent  from  the  Pennsyl- 
vania line  southward  across  West  Virginia  to  the  Big  Kanawha  Eiver, 
since  an  impure  limestone  only  2  to  5  feet  thick  occurs  at  this  horizon 
in  the  vicinity  of  Baymond  City  and  other  points  in  that  region. 

In  the  Salisbury  basin  this  limestone  occurs  only  160  feet  above  the 
Pittsburgh  coal,  and  is  10  to  12  feet  thick,  according  to  Piatt. 

THE   "  GREAT  *'   LIMESTONE. 

This  name,  given  by  Rogers,  is  generally  applied  to  all  of  the  great 
mass  of  lime  deposits  which  intervene  between  the  Uniontown  and 
ISewickley  coals,  though,  as  already  stated,  the  name  Uniontown  is  now 
given  to  the  uppeirmost  division  of  the  same. 
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At  many  localities  in  Greene,  AYashiugton,  Fayette,  and  Monongalia 
Goanties  there  are  nearly  160  feet  of  limestones  and  limy  shales  at  this 
horizon,  and  the  same  beds  hold  their  place,  though  with  diminished 
thickness,  across  to  the  Ohio  River  at  Wheeling.  Westward  and  south- 
ward, however,  from  Ohio  and  Marion  Oonnties,  these  limestones  disap- 
pear very  rapidly,  so  that  at  Clarksburg  on  the  one  hand,  and  west- 
ward through  Ohio  on  the  other,  they  have  practically  disappeared, 
and  in  tlieir  stead  we  find  shales,  gray  at  first,  but  gradually  getting 
reddish  toward  the  Little  Kanawha  Biver  and  the  western  margin  of 
their  outcrop  in  Ohio.  On  the  Big  Kanawha  much  red  shale  occars  at 
this  horizon.  These  limestones  are  of  different  qualities,  some  of  the 
layers  being  quite  pure  and  forming  good  fluxes  for  iron,  while  others 
are  magnesian  and  make  excellent  hydraulic  cements. 

The  only  fossils  ever  seen  in  any  of  these  limestone  beds  are  fish  re- 
mains and  minute  ostracoids. 

THE  SB  WICK  LEY  SANDSTONE. 

At  many  localities  where  the  "  Great "  Limestone  is  well  developed 
there  arci  no  other  beds  except  limestones  and  shales  in  all  of  the  inter- 
val between  the  Uniontown  and  Sewickley  coals,  but  in  other  regions 
a  sandstone  frequently  makes  its  appearance  just  above  the  Sewickley 
coal.  This  has  been  called  the  Sewickley  sandstone,  and  while  it  is 
often  flaggy,  yet  again  it  becomes  massive,  and  even  pebbly,  varying 
it)  thickness  from  20  to  60  feet.  Its  massive  character  is  well  shown 
along  the  Monongahela  Biver  between  Morgantown  and  Fairmont,  in 
the  vicinity  of  the  Big  Palls. 

« 
THE  SEWICKLEY  GOAL. 

Directly  under  the  Sewickley  sandstone,  or  in  its  absence  the  «*  Great  ^ 
Limestone,  there  comes  the  Sewickley  coal,  a  bed  which  is  widely  per- 
sistent, though  the  area  where  it  is  valuable  is  not  so  large. 

The  bed  attains  its  maximum  thickness  and  importance  along  the 
Monongahela  Biver  in  Greene,  Monongalia,  and  Marion  Counties,  being 
there  5  to  6  feet  thick,  with  only  one  slate  parting  of  2  to  3  inches  near 
the  center.  The  coal  is  generally  high  in  both  ash  and  sulphur,  but  is 
open-burning  and  makes  a  rather  fair  domestic  fuel. 

The  following  represents  the  general  structure  of  this  bed  along  the 
Monongahela  Biver  in  Marion  and  Monongalia  Counties : 

Ft  in. 
Coal 2    b1 

Slate 0    2>     5'    6" 

Coal 2    8J 

Followed  down  the  Monongahela  Biver,  the  bed  retains  about  the 
same  structure  as  far  as  the  mouth  of  Whitely  Creek,  Greene  County, 
Pennsylvania,  when  the  slate  partings  thicken  up,  and  new  ones  come 
in  and  dissipate  the  coal  in  several  thin  layers  through  25  feet  of  rock 
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materia],  and  from  thence  on  down  that  river  it  is  of  no  importance. 
But  ibllowed  in  the  other  direction,  np  the  Monongahela,  this  bed  holds 
a  thickness  of  5  to  (>  feet  through  Marion  County  until  the  Harrison 
County  line  is  approached,  when  it  again  splits  up  into  three  or  four  di- 
visions separated  by  several  feet  6f  shales  and  slates,  and  when  Clarks- 
burg is  reached  there  remains  only  1  foot  of  coal  at  this  horizon  (Sec- 
tion 18),  which  soon  disappears  entirely  toward  the  son th west. 

From  the  Monongahela  region  this  coal  dips  down  westward  under 
the  great  mantle  of  Permo-Carboniferous  beds,  and  when  it  reappears 
on  the  Ohio  River,  in  the  vicinity  of  Wheeling  (Section  19),  Bellaire 
(Section  20),  and  Pipe  Creek  (Section  22),  we  find  it  split  up  again  into 
three  or  four  layers,  and  the  separating  slates  several  feet  thick,  thus 
giving  the  whole  bed  a  thickness  of  20  to  30  feet,  with  the  main  coal 
layer  at  the  top. 

This  uppermost  division  of  the  Sewickley  is  separated  from  the  Pitts- 
burgh below  by  an  interval  of  80  to  100  feet,  and  attains  considerable 
importance  in  the  counties  of  Belmont,  Harrison,  Guernsey,  Monroe, 
Morgan,  Muskingum,  Noble,  etc.,  and  has  there  been  mined  under  a 
variety  of  names,  among  which  are  "  Upper  Barnesville,"  "  Upper  Bel- 
laire," "Cumberland,"  " Meigs  Creek,"  and  several  others.  Prof.  Ortou, 
while  intimating  its  identity  with  the  Sewickley  of  Pennsylvania  (Vol. 
V,  page  1069,  Ohio  Geology),  prefers  to  call  it  by  the  name  of  Meigs 
Creek,  from  a  stream  in  Morgan  County  along  which  it  is  w^ll  devel- 
o))ed. 

Throughout  much  of  this  Ohio  region  the  coal  is  3  to  4^  feet  thick, 
and  nearly  always  has  a  clay  or  bony  streak  near  its  center.  It  also 
frequently  has  a  rider  coal  in  the  roof,  and  the  entire  bed  is  rather  rich 
in  ash  and  sulphur,  according  to  Orton. 

In  Fayette  County,  Pennsylvania,  the  Sewickley  coal  has  a  thickness 
of  4  to  5  feet  through  several  townships,  according  to  Stevenson,  but 
northward  through  Westmoreland  it  thins  down  and  is  unimportant. 
It  is  scarcely  known  in  the  Ligonier  basin,  but  in  that  of  Salisbury  is 
2  feet  thick  and  90  feet  above  the  Pittsburgh. 

In  the  Georges  Creek  basin  of  Maryland  and  West  Virginia  the  bed 
is  5  to  7  feet  thick,  90  to  il5  feet  above  the  Pittsburgh,  and  an  excellent 
coal  for  steam  purposes. 

The  oil-borings  across  Monongalia  and  Marion  Counties  reveal  this 
coal  present  in  good  thickness  10  to  15  miles  west  from  the  Mononga- 
hela River,  and  100  to  110  feet  above  the  Pittsburgh  coal.  The  oil 
drillers  usually  call  it  the  ^^Mapletown"  coal,  from  a  locality  in  Greene 
County  where  it  is  mined. 

THE  SEWICKLEY  LIMESTONE. 

The  interval  between  the  Sewickley  coal  and  the  one  next  below  is 
often  occupied  largely  by  limestone,  especially  in  Greene,  Payette. 
Washington,  Monongalia,  and  Marion  Counties,  and  to  the  one  which 
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« 

comes  next  below  the  coal  Messrs.  Piatt  have  giveu  the  name  Se 
wickley.  It  lijis  also  been  termed  the  Fishpot  Limestone  by  St*- 
vensou,  from  a  small  stream  in  Washington  Conuty.  I  have  deemed  n 
preferable  to  apply  the  name  Sewickley  to  the  whole  limestone  group 
which  lies  between  the  Sewickley  and  Bedstone  coal  beds.  This  inter 
val  is  40  to  60  feet  thick  and  sometimes  contains  two  beds  of  sandstone 
intercalated  with  the  limestones.  Alon^  the  Monongahela  Bivoriu 
Greene,  Monongalia,  and  Marion  Counties,  these  limestones  are  well 
developed,  and  many  of  the  layers  fnrnish  excellent  lime  for  mortar  and 
agricultural  uses,  while  near  the  base  of  the  group  occur  some  excellent 
limestone  flags  at  Laurel  Point,  Monongalia  County. 

The  only  fossils  ever  noted  in  these  beds  are  minute  fresh- water  types. 

These  limestones  disappear  southward  from  Harrison  County,  West 
Virginia,  there  being  only  9  feet  of  them  in  the  Clarksburg  section,  and 
none  on  the  Little  and  Big  Kanawha  Eivers.  The  same  thing  takeb 
place  in  Ohio,  westward  from  Washington  County,  the  interval  being 
occupied  by  shales  and  sandstones. 

In  Pennsylvania  this  Sewickley  limestone  holds  a  prominent  place 
eastward  from  Washington  and  Greene,  through  Fa3'ette,  Westmore- 
land, and  Somerset  Counties. 

THE  REDSTONE  COAL. 

In  Fayette  County,  Pennsylvania,  a  small  coal  was  found  cropping 
out  along  Eedstone  Greek,  at  an  interval  of  40  to  45  feet  above  thi; 
Pittsburgh,  and  this  was  named  from  that  stream  by  the  geologists 
of  the  First  Pennsylvania  Geological  Survey. 

Monongalia  is  the  only  county  in  West  Virginia  where  this  bed  is 
workable,  it  being  there,  on  Scott's  and  Robinson's  Euns,  4  to  5  feet 
thick  and  of  fair  quality,  though  having  rather  too  much  sulphur  and 
ash  for  manufacturing  purposes.  It  is  also  workable  in  several  town- 
ships of  Fayette  and  Westmoreland,  being  3  to  4  feet  thick.  In  the 
Salisbury  basin  of  Somerset  County,  Messrs.  Piatt  identify  the  Red- 
stone coal  as  a  slaty  bed,  4  feet  thick,  at  45  feet  above  the  Pittsburgh. 
It  has  not  been  reliably  reported  from  the  Georges  Creek  field  unless 
it  be  represented  by  one  of  the  rider  layers  in  the  roof  of  the  Pitts- 
burgh bed. 

In  the  vicinity  of  Wheeling,  Bellaire,  and  other  points  on  the  Ohio 
Eiver,  this  bed  is  only  a  few  inches  thick,  never  becoming  workable 
anvwhere  in  Ohio. 

ft/ 

Through  central  West  Virginia,  beyond  the  Little  Kanawha,  its  pres- 
ence is  unknown  except  by  a  bed  of  black  slate  which  is  occasionally 
seen  at  this  horizon. 

THE  REDSTONE  LIMESTONE. 

At  many  localities  along  the  Monongahela  River  in  Harrison,  Marion, 
Monongalia,  Greene,  Washington,  Fayette,  and  Westmoreland  Coun- 
ties, there  occurs  a  bed  of  limestone  often  10  to  20  feet  thick,  and  im- 
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mediately  underlyiiig  the  Bedstone  coal.  From  this  latter  fact  ft  was 
termed  the  Eedstone  limestone  by  Messrs.  Piatt,  who  find  the  same 
l)ed  in  Somerset  County,  40  to  45  feet  above  the  Pittsburgh  coal.  It 
often  contains  several  layers,  which  make  fairly  good  lime  for  many 
purposes,  and  is  occasionally  used  for  flux  in  iron  furnaces. 

This  limestone  is  also  in  great  force  in  the  vicinity  of  Wheeling,  Bel- 
laire,  and  vicinity,  where  it  occupies  nearly  the  entire  interval  between 
the  liedstone  and  Pittsburgh  coals,  and  is  extensively  quarried  as  a 
flux  for  the  furnaces  there. 

it,  like  all  the  other  limestones,  disappears  sonthwestward  through 
West  Virginia,  and  is  not  known  beyond  the  Little  Kanawha  Eiver. 

THE  PITTSBURGH  SANDSTONE, 

Very  frequently,  and  especially  when  the  Redstone  limestone  is  well 
developed,  there  is  nothing  but  shales  intervening  between  it  and  the 
Pittsburgh  coal,  but  when  the  limestone  is  absent,  or  but  poorly  repre- 
sented, there  is  often  present  a  coarse,  massive  sandstone  immediately 
above  the  Pittsburgh  coal,  and  to  this  Mr.  H.  D.  Bogers  long  s^,go  gave 
the  name  of  Pittsburgh  sandstone.  It  varies  in  thickness  from  25  up 
to  70  feet,  and  is  usually  coarse,  friable,  and  often  pebbly.  Good  build- 
ing stone  has  never  been  obtained  from  it,  since  it  yields  so  readily  to 
atmospheric  agencies. 

This  rock  is  especially  massive  in  the  vicinity  of  Hartford  City, 
Pomeroy,  and  other  contiguous  regions,  and  the  same  may  be  said  of 
the  eastern  line  of  its  outcrop  irom  Pennsylvania  clear  across  West 
Virginia  to  the  Kentucky  border. 

In  the  Georges  Greek,  Salisbury,  and  Ligonier  basins,  however,  this 
rock  makes  but  little  show  in  the  topography,  its  place  being  occupied 
by  soft  shales. 

THE  PITTSBURGH  COAL. 

The  last  and  lowest  member  of  the  Upper  Coal  Measures  is  the  cele- 
brated Pittsburgh  bed,  the  most  important  mineral  deposit  of  the  Ap- 
palachian field. 

It  was  formerly  thought  that  this  coal  bed  was  entirely  persistent ; 
that  wherever  its  horizon  was  to  be  found,  there  the  coal  might  be 
expected  with  absolute  certainty.  This  generalization,  however,  was 
founded  on  data  obt/ained  only  from  the  northern  half  of  its  area.  In 
Pennsylvania,  for  instance,  no  area  has  yet  been  discovered  where,  at 
the  proper  geological  horizon  for  this  bed,  it  does  not  exist.  Even  in 
central  Greene,  at  a  depth  of  1,500  feet  below  the  Permo-Carboniferous 
summits,  the  drill  ot  the  petroleum  seeker  invariabl^^  finds  this  coal 
bed,  while  the  isolated  peak  of  Eound  Top,  in  the  Broad  Top  coal  basin 
of  Bedford  County,  50  miles  distant  from  any  other  outcrop  of  the  coal, 
likewise  contains  it.  But  when  we  pass  sonthwestward  across  the  West 
Virginia  and  Ohio  coal  field,  Pennsylvania  conditions  of  course  continue 
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for  many  miles,  but  ultimately  there  oomes  a  change,  and  wLeil  we  look 
for  the  Pittsburgh  bed  it  is  gone,  or  so  redaoed  in  thickness  that  the 
geologist  can  only  recognize  it  by  its  associated  rocks.  The  region  of 
country  covered  by  this  barren  area  is  quite  extensive,  and  seems  to 
be  rudely  coincident  with  the  line  of  the  Volcano  or  Borning  Springs 
anticlinal  of  West  Virginia. 

The  following  counties  in  that  State  have  the  coal  but  poorly  devel- 
oped or  wanting  at  the  horizon  where  it  belongs :  Galhoan,  Boane, 
Wirt,  Kitchie,  Pleasants,  and  Wood.  This  belt  projected  northward 
through  Ohio  takes  in  the  counties  of  Washington,  Noble,  and  Mor- 
gan, in  all  of  which  the  coal  is  thin  or  wanting  altogether.  Thus  it 
happens  that  over  a  belt  of  country  30  to  50  miles  wide,  and  running 
nearly  north  and  south  across  the  Appalachian  coal  field,  the  spread 
of  this  bed,  so  even  and  persistent  at  the  north,  is  here  irregular,  inter- 
rupted, and  wanting.  West  from  this  belt  the  coal  comes  in  again  and 
is  fairly  regular  in  parts  of  Kanawha,  Putnam,  and  Mason  Counties, 
east  from  the  Big  Kanawha ;  but  west  iGrom  that  stream  the  bed  is  thin, 
patchy,  and  of  little  importance  through  Oabell  and  Wayne,  till  it  dis- 
appears from  the  center  of  the  great  Appalachian  trough  in  the  hilltops 
overlooking  the  Big  Sandy  River. 

In  Ohio,  also,  a  considerable  area  of  this  coal  comes  in  west  from 
the  barren  belt,  and  extends  through  Meigs  and  Athens  Counties  with 
fairly  good  thickness,  but  westward  from  them,  in  Oallia,  the  coal  is 
again  thin  and  uncertain. 

The  foregoing  sections,  Nos.  11  to  32  inclusive,  show  in  a  general 
way  the  detailed  structure  of  the  Pittsburgh  coal,  so  that  only  a  few 
others  need  be  given  in  this  connection  to  exhibit  its  structure  in 
every  important  region  of  its  widely  extended  area. 

As  will  be  seen  from  these  sections,  the  coal  is  nearly  always  sepa- 
rated into  two  well  defined  portions  (the  roof  and  the  main  bench)  by 
a  layer  of  clay,  and  there  are  often  several  divisions  of  the  roof,  as  also 
of  the  main  bench.  The  layers  of  coal  in  the  roof  are  usually  not  more 
than  1  to  1^  feet  thick,  and  separated  by  shales  of  about  the  same 
thickness,  while  the  divisions  of  slate  in  the  main  bench  are  mere  knife 
edges,  seldom  exceeding  an  inch  in  thickness  and  generally  not  more 
than  half  that  amount. 

Along  the  Monongahela  River,  two  of  these  slates  are  especially  con- 
stant, since  they  come  about  2^  to  3  feet  above  the  bottom  of  the  bed 
and  are  4  to  6  inches  apart.  They  are  usually  known  as  the  ^^  beariug 
in"  slates,  and  are  seldom  more  than  one-half  inch  thick.  Then  1  to  1|^ 
feet  below  these  there  is  generally  another  thin  parting  of  slate  which 
runs  through  the  bed  with  great  persistency,  dividing  the  lower  portion 
into  two  layers  known  by  the  miners  as  the  "  brick  "  coal,  and  **  bot- 
tom "  coal.  Of  course  there  are  other  partings  which  occasionally  make 
their  api)earance  in  the  bed  at  some  localities,  but  they  are  irregular 
and  not  persistent. 
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Section  at  Netoburgj  West  Virginia. — The  sammits  around  Newburg^ 
Preston  Ooanty,  West  Virginia,  catch  small  areas  of  this  bed  in  the 
syncline  between  the  Chestnut  fiidge  and  Laurel  Hill  anticlinals,  and 
the  coal  has  there  the  following  structure : 

Ft  in. 
Pitteburgh  sandBtone 

Slatycoal , 0 

Shale 0 

Coal 0 

Shale  aDd  fire  olay 2 

Coal 9 

Slate 0 

Coal,  slaty 1 

Section  at  Copema/n^e  Knobj  West  Virginia. — In  the  next  trough  east  of 
the  Laural  Hill  anticlinal,  a  small  isolated  area  of  the  Pittsburgh  coal 
is  caught  in  Oopeman's  Knob,  which  overlooks  Oheat  Biver  at  the  foot 
of  Briery  Mountain,  near  Albrightsville,  Preston  Oonnty,  West  Vir- 
ginia, and  there  the  coal  shows  this  structure : 

Ft.  iu. 

Shales 

Coal 2 

Slate 1 

Roof.^Coal,  slaty 2 

Slate 0 

Coal 1 

IClay 1 

Main  coal,  partings  not  yisible 10 

Section  32  gives  the  structure  of  this  coal  still  farther  eastward  in 
the  Georges  Greek  basin,  and  it,  when  compared  with  the  Albright, 
Newburg,  and  Fairmont  (Sec.  17)  structures,  shows  a  gradual  eastward 
thickening  of  the  bed  from  7  feet  on  the  Monongahela  to  20  at  many 
points  in  the  Georges  Greek  field. 

Section  at  Fairfax  Knoh^  Tucher  County y  West  Virginia. — Near  the 
southern  end  of  the  Georges  Greek  basin,  at  the  head  of  the  North  Po- 
tomac Biver,  a  small  area  of  the  Pittsburgh  bed  is  caught  in  the  sum- 
mit of  Fairfax  Knob,  3,250  feet  above  tide,  and  20  miles  distant  from 
any  other  outcrop  of  the  coal.  The  main  portion  of  the  bed  is  here 
split  into  three  portions,  separated  by  several  feet  of  shales,  from  the 
thickening  up  of  the  parting  slates,  as  follows : 

Ft  in. 

Shales 

Coal 2 

Shale 6 

,  Coal 8'    2" 

Coal,  "breast".  )  Slate 0' 

(Coal V 

Shales 5' 

Limestone 4' 

Shales T 

Coal,  "brick" 4 

Fireclay  and  shales 18 

Coal,  " bottom," slaty i-  7 
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As  will  be  seen  from  the  above,  it  would  appear  that  the  three  main 
divisions  ot  the  Pittsburgh  bed,  viz,  "  breast,"  '*  briek,'^  and  *'  bottom,'^ 
are  here  separated  by  shales,  16  and  18  feet  thick  respectively,  instead 
of  mere  partings  of  a  fraction  of  an  inch,  as  on  the  Monongahela  and 
elsewhere,  thus  spreading  the  21  feet  of  coal  through  an  interval  of  55 
feet.  It  is  also  worthy  of  note  that  although  the  partings  have  here 
increased  so  wonderfully,  yet  the  total  thickness  of  coal  remains  the 
same  as  in  the  central  part  of  the  Georges  Creek  Basin. 

In  the  vicinity  of  Glenville,  on  the  Little  Kanawha  River,  this  coal 
is  ^  to  5  feet  thick,  with  a  bony  streak  16  inches  below  the  top  of  the 
bed. 

The  structure  on  the  Big  Kanawha  is  given  in  Section  31. 

Section  at  Huntington^  Cabell  County^  West  Virginia, — In  the  summits 
of  the  hills  south  of  Huntington,  Cabell  County,  West  Virginia,  this 
coal  displays  the  following  structure : 


Ft.  in 

Coal 0  G 

Clay 0  6 

Goal 3  6 

Slatycoal 0  2 


a 


Ft.  in. 
4       8 


The  farthest  point  to  the  southwest  that  this  bed  has  ever  been  seen 
is  in  the  summit  of  a  hill  overlooking  the  Big  Sandy  Kiver,  10  miles 
above  its  mouth,  where  a  small  patch  is  caught  in  the  center  of  the 
Appalachian  trough,  which,  rising  to  the  southwest,  carries  the  coal 
above  the  highest  hills  on  the  Kentucky  side  of  the  Big  Sandy.  The 
coal  is  here  3  feet  2  inches  thick  and  single  bedded,  or  with  only  faint 
partings. 

Section  at  Pomeroy^  Meigs  County^  Ohio. — At  Pomeroy,  Ohio,  the 
Pittsburgh  coal  shows  thus,  according  to  Prof.  E.  Lovejoy,  Ohio  Geo- 
logical Survey,  Vol.  VI,  page  636 : 


In. 

Coal 6-14^ 

Horn  coal 3 

Coal 42-47  } 

Clay 4 

Coal 7 


Ft.  in. 
10 
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Section  on  Shade  Creeky  Ohio.'—ln  the  Shade  Creek  coal  field  of  Meigs 
and  Athens  Counties,  Ohio,  Prof.  Lovejoy  finds  a  well  developed  rider 
coal  12  to  20  feet  above  the  main  bed,  and  often  mined  separately  from 
it.    The  two  have  the  following  structure: 


Ft. 

Coal 0 

Slate '. 0 

Coal 1 

Shales 

Coal 0 

Slate,  Htrcak 0 

Coal 2 

Slate,  streak 0 

Coal 1 


Fl.  iu. 
2    « 


4    3 
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Section  on  'Federal  Creeks  Ohio, — In  the  Federal  Creek  field  of  Athens 
and  Morgan  Oounties,  Ohio,  tlie  coal  shows  as  follows  (Lovejoy),  op. 
cit.,  p.  648,  Heyburp  Brothers  &  Oo.'s  mine,  Berne  Township,  Athens 
County : 

Ft.     in. 

Coal- 1  10^ 

Slate,  streak 0  0 

Coal 2  4 

Slate 0  7    Ft. 

Coal 0  3>  10 

Clay 1  0 

Coal 1  0 

Slate,  streak 0  0 

Coal 3  0_ 

iSection  at  Bernfs  mine^  Ohio. — ^Berry's  mine,  in  Homer  Township, 
Morgan  County  (op.  cit.  page  650),  gives  the  following : 


Coal 

Slate,  streak 0 

Coal 3 

Clay 1 

Coal 0 

Slate,  streak 0 

Coal 0 

Slate,  streak 0 

Coal 1 

Slate,  streak 0 

Coal 0 


Ft    in. 
.  0  11 


Ft.  in. 
5    4 


3    7i 


The  clay  stratum  in  these  and  other  mines  appears  to  correspond  to 
the  main  clay  parting  which  always  separates  the  roof  coals  of  the 
Pittsburgh  bed  from  the  main  bench  along  the  Monongahela,  and  the 
12  to  20  feet  of  shales  which  separate  the  two  coal  beds  in  the  Shade 
Oreek  field  would  appear  to  belong  at  the  same  horizon. 

East  from  the  barren  area  of  the  Pittsburgh  coal  of  Morgan,  Noble, 
and  Washington  Counties,  Ohio,  it  comes  in  again  with  a  fine  develop- 
ment in  Belmont,  Harrison,  and  Jefferson. 

Section  in  Belmont  County^  Ohio. — The  following  section  from  Ohio 
Geology,  Vol.  YI,  page  621,  exhibits  the  structure  in  the  southern  por- 
tion of  Belmont  County,  Washington  Township,  as  given  by  Prof. 
Browu : 


Ft. 

Coal 1 

Clay 0 

Coal 2 

Slate 0 
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Section  at  Bellaire^  Belmont  County ^  Ohio, — ^In  Bellaire*the  following 
is  sliown  at  Heatiierington's  mine: 

Ft. 
Coal 1 

Black  slate 0 

Coal 1    0 

Clay 0  10 

Coal 2    6 

81ate 0 

Coal... 0 

61ate 0 

Coal 1 

Black  slate,  pyritoQS 0    0^ 

Coal 1    0 

Hardy  slaty  coal 0    4 

Section  in  Jefferson  County ^  Ohio. — In  Warren  Township,  JeflBBraon 
County,  Ohio,  this  coal  has  the  following  structore  (Biown,  Ohio  Greol- 
ogy,  Vol.  VI,  page  603) : 
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Boofcoal 2 

Clay 0 

Coal 2 

Clay  parting 0 

Coal 0 

Black  slate 0 

Coal  1 

Parting 

Coal 1 


in. 
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Ft.  in. 
2      7 
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Section  in  Harrison  County,  Ohio. — In  German  Township,  Harrison 
County,  Ohio,  Stevenson  reports  the  Pittsburgh  coal  as  follows  (Ohio 
Geological  Survey,  Vol.  Ill,  p.  212) : 

Ft.  in. 
Roof  coal,  not  exposed 0    0 

Coal ^  ^  ) 

Farting ...  0  Oi 

Coal 0  6       Ft  in. 

Parting - 0  H  >  4    9i 

Coal 1  2 

Parting 0  Oi 

Coal 1  2  ^ 

Section  at  Columbia  mine,  Westmoreland  County,  Pennsylva/nia. — As  a 
typical  section  of  this  coal  on  theMonongahela  Biver  with  reference  to 
the  structure  of  the  main  bench  and  roof,  we  may  take  that  found  at  the 
Columbia  mine,  near  Webster  and  36^  miles  above  Pittsburgh,  as  given 
by  Mr.  J.  Sutton  Wall  (K*,  Pennsylvania  Geological  Survey,  p.  60) : 


Ft.  in. 
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Roof  coals,  in  seven  divisions 3 

Over-clay 0  6 

'*Brea8t"coal 3  8 

Parting 0  Oi 

'* Bearing  in*' coal 0  3 

Parting 0  0^ 

''Brick"coal 1  2 

Parting 0  0^ 

''Bottom"  coal 1  4 


Ft  in. 
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A  careful  comparison  of  the  stractare  of  this  famous  bed  at  a  great 
many  points  very  widely  separated  exhibits  such  a  striking  resemblance 
to  that  just  given  above  that  we  can  scarcely  attribute  it  to  chance, 
but  must  find  the  explanation  in  the  prevalence  of  nearly  uniform  con- 
ditions  over  the  immense  area  covered  by  the  Pittsburgh  marsh. 

The  great  excellence  of  this  coal  for  steam  and  domestic  purposes, 
and  also  for  the  manufacture  of  gas  and  coke,  combine  to  render  it  the 
most  valuable  bed  of  coal  in  the  entire  Appalachian  field. 

Page  plate  6  gives  a  view  of  this  bed  at  Gounellsville,  the  Cfenter  of 
the  coke-making  industry,  and  in  this  the  peculiar  columnar  structure 
of  a  typical  coking  coal  is  fairly  shown. 

It  was  formerly  believed  that  this  bed  would  not  make  first-class 
coke  over  any  large  area  outside  of  the  Couuellsville  basin,  but  recent 
developments  along  the  Monongahela  Biver  in  Marion  and  Monongalia 
Counties,  West  Virginia,  have  proved  this  belief  erroneous,  since  it  is 
there  successfully  coked  on  a  large  scale. 

By  crushing  and  washing,  where  there  is  too  much  sulphur  present, 
there  is  no  reason  why  this  bed  will  not  make  coke  equal  to  that  of  the 
Oonnellsville,  throughout  all  of  the  region  south  and  west  from  the 
latter. 

The  roof  coals  of  this  bed  are  never  mined ;  not  because  they  do  not 
furnish  good  fuel,  but  because  they  are  always  interstratified  with 
shale,  which  renders  the  mining  difficult.  These  roof  layers  often 
amount  to  3  or  4  feet  of  good  coal,  and  thus  this  large  quantity  of  fuel 
is  continually  wasted,  though  the  time  will  doubtless  come  in  the  dis- 
tant future  when  the  Pittsburgh  bed  will  be  mined  over  again  for  the 
coal  now  neglected  in  its  roof  and  bottom. 

FOSSILS  OF  THB  UPPER  COAL  MEASURES. 

The  flora  of  the  Pittsburgh  roof  shales  as  well  as  of  the  entire  Upper 
Goal  Measures  is  very  meager,  and  only  a  few  of  the  very  common 
types,  like  Neurapteris  hirsutaj  N.  fiexnosa^  and  Pecopteris  arborescensy 
are  usually  found,  while  the  fauna  of  the  whole  group,  so  far  as  known 
at  present,  seems  to  be  restricted  to  fresh  water  types. 


CHAPTER    IV. 

THE  BARREN  MEASURES,  OR  ELK  RIVER  SERIES. 
THIOE37ESS,  GHARAOTER,  AND  EXTENT. 

Below  the  Pittsburgh  bed  we  descend  into  a  very  natural  groap  of 
rocks  (No.  XIY)  which  was  long  ago  clearly  recognized  by  the  Rogers 
brothers  in  both  Pennsylvania  and  Virginia.  The  group  as  defined  by 
them  extended  from  the  base  of  the  Pittsburgh  coal  down  to  the  top  of 
the  Mahoning  sandstone,  and  was  called  the  Lower  Barren  Measures.; 
but  subsequent  investigation  seems  to  render  it  more  desirable  to  ex- 
tend the  group  downward  so  as  to  include  the  Mahoning  sandstone. 
This  brings  the  group  within  the  definite  limits  of  two  important  and 
very  persistent  coal  beds,  the  Pittsburgh  above  and  the  Upper  Free- 
port  below ;  and  hence,  for  purposes  of  comparison,  study,  and  all  the 
uses  which  classification  subserves,  is  more  desirable  than  the  old 
system,  since  the  top  of  the  Mahoning  sandstone  is  too  variable  a 
quantity  for  the  limit  of  any  group. 

I  have  already  indicated  in  a  previous  chapter  that  a  larger  view  of 
the  Carboniferous  Measures,  which  overlooks  details  invaluable  for 
classification  to  the  working  geologist,  would  run  a  line  through  the 
middle  of  the  Barren  Measures,  and  call  everything  above  it,  to  the 
top  of  the  Dunkard  Creek  series,  Upper  Carboniferous ;  that  below  it, 
to  the  base  of  the  Pottsville  conglomerate.  Middle  Carboniferous,  and 
the  rest  down  to  the  Catskill,  Lower  Carboniferous.  Such  a  classifica- 
tion of  the  Appalachian  Carboniferous  may  be  useful  for  comparison 
with  the  Carboniferous  system  in  other  regions  and  countries,  but  it  is 
too  general  for  the  practical  geologist,  and  can  never  supplant  that 
which  has  stood  the  test  of  long  and  continuous  use.  Hence  we  deem 
it  best  to  retain  the  limits  of  the  Barren  Measures  intact,  with  the 
slight  modification  just  suggested,  and  already  long  in  use  by  the 
Second  Geological  Survey  of  Pennsylvania. 

I  have  adopted  the  name  Elk  River  series  as  a  geographical  designa- 
tion for  these  beds,  since  they  are  very  finely  exposed  along  that  stream 
between  its  mouth  at  Charleston,  West  Virginia,  and  Braxton  Court- 
House,  or  Sutton,  nearly  100  miles  above. 
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This  series,  as  tlias  limited  above  an^  below  by  importaut  coal  beds, 
consists  of  two  very  differeut  members;  an  upper  one  composed  largely 
of  shales,  therefore  soft,  easily  eroded,  and  always  making  rounded 
hills  and  rolling  topography ;  the  other,  or  lower,  composed  largely  of 
massive  sandstones  which  resist  erosion  and  thus  form  steep  clififs,  deep 
gorges,  rugged  topography,  and  wild  scenery  generally. 

These  sand  rocks  form  a  coping  to  the  Lower  Goal  Measure  hills,  and 
cap  the  summits  long  after  the  soft  beds  above  have  disappeared. 

The  soil  formed  by  the  soft  member,  while  rather  thin  and  not  to  be 
compared  in  fertility  to  that  of  the  Upper  Coal  Measures,  yet  with  care 
and  a  liberal  use  of  lime  yields  excellent  crops  and  always  makes 
good  grazing  lands.  But  the  lower  portion,  being  almost  destitute  of 
lime,  and  containing  so  much  sand,  forms  a  very  poor  soil,  on  which 
only  the  scantiest  crops  can  be  grown. 

The  upper  portion  always  contains  a  large  percentage  of  red  and 
marly  shales,  which  make  a  broad  band  of  red  soil  from  Pennsylvania 
clear  through  central  West  Virginia,  to  and  beyond  the  Kentucky  line 
on  the  one  hand,  and  thence  circling  around  through  easteru  Kentucky 
and  southern  Ohio,  back  to  Pennsylvania  again  on  the  other.  These  red 
clays  are  the  fruitful  source  of  landslides,  bad  roads,  and  many  other 
troubles.  They  cave  easily  in  drill  holes,  and  thus  give  endless  annoy- 
ance and  expense  to  oil  and  gas  drillers.  Their  tendency  to  slide 
causes  much  expense  in  cleaning  out  railroad  cuttings,  so  that  a  proper 
knowledge  of  their  character  by  engineers  would  lead  to  economy  of 
money  in  building  and  maintaining  both  railroads  and  wagon  roads. 

The  coal  beds  of  this  series  are,  with  one  or  two  exceptions,  noted 
for  their  variableness  and  uncertainty.  They  may  be  in  fair  develop- 
ment on  one  farm,  and  absent  entirely  on  the  adjoining  one.  They  are 
also  usually  rich  in  ash  and  poor  in  carbon,  and  although  they  are 
palxshy  in  their  distribution,  yet  the  main  beds  appear  to  maintain  the 
same  horizons  in  the  stratigraphy,  and  can  thus  be  identified  with 
reasonable  certainty  over  wide  areas.  The  sandstones  found  within 
the  limits  of  this  group  are  of  more  economic  importance  than  the  coal 
beds,  since  the  former  nearly  always  furnish  most  excellent  building 
stone,  while  the  latter  are  commercially  valuable  only  over  limited 
areas.  Iron  ore  in  valuable  quantity  exists  locally  at  several  horizons 
in  the  Barrens,  and  these  will  be  referred  to  hereafter  in  detail. 

The  limestones  of  this  series,  like  the  coals,  are  generally  thin  and 
impure,  so  that  they  are  of  more  importance  in  determining  the  strati- 
graphy than  for  economic  purposes. 

The  entire  thickness  of  the  group  varies  much  in  different  portions 
of  the  Appalachian  field,  reaching  a  maximum  of  800  feet  in  the  vicinity 
of  Charleston,  West  Virginia,  while  along  the  northwestern  outcrop  of  . 
the  beds  in  Ohio  the  minimum  is  not  much  above  300  feet. 

In  Pennsylvania  and  northern  West  Virginia  the  average  is  about 
600  feet,  bat  it  sometimes  runs  up  to  650  and  down  to  560. 
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The  following  sections,  taken  in  the  several  portions  of  the  Appa- 
lachian field,  will  serve  to  illustrate  both  the  changing  thickness  of  the 

series  and  the  variable  natare  of  the  individual  beds. 
Section  in  the  Pittsburgh  region. — We  shall  begin  the 
list  at  Pittsburgh,  where  the  upper  half  of  the  Bar- 
rens is  finely  exposed,  and  the  numerous  carefdllj 
kept  records  of  drill  holes  have  revealed  the  constitii- 
tion  of  the  lower  half,  so  that  by  uniting  the  two  we 
get  the  following  (Fig.  33) : 


■.v.v.w.y«Vi 


114' 
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£^ 


In  PitUhurgh  region. 
[See  map,  I  m.] 
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4.  Shales,  variegated 

5.  Limestone 

6.  Red  shale 

7.  Concealed 

8.  Sandstone,  Morgantown 

9.  Coal.  BIkLiok 

10.  Shales,  variegated 

11.  Coal 

12.  Limestone 

13.  Shales,  variegated 

14.  Limestone,  crinoidal 

15.  Coal,  crinoidal 

16.  Red  and  variegated  shale 

17.  Sandy  shales  and  sh^3' sandstone 

18.  Coal,  Bakerstown 

19.  Shales  and  sandstone  ....................................... 

20.  Limestone,  Upper  Cambridge 

21.  Sandstone, massive. ......................................... 

22.  Limestone,  Lower  Cambridge 

23.  Shales 

24.  Coal,  Masontown 

2ft.  Shales 

26.  Sandstone,  Mahoning 

27.  Upper  Freeport  coal. 

Total 


Ft. 

20) 
2 
65 

20 
70 
45 

501 

2 

3 
35. 

30 

50 

3 

90 


ft 


S27 


90 


114 


2 
50 

1 
10 

1 

20 
100 


618 


FiQ.  33.— Section  in 
the  Pittsbnrgh  region. 
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Section  at  Sewickleyj  Pennsylvania. — At  Sewickley,  Pennsylvaiiifi,  a 
diamond-drill  hole  was  put  down  by  Mr.  Cochran  Fleming  as  a  test 

for  coal.  The  cores  were  carefully  preserved,  and 
from  them  I  obtained  a  very  accurate  section  of  the 
lower  portion  of  the  Barrens,  which,  combined  with 
the  good  surface  exposures  around  Sewickley,  gives 
the  following  structure  (Fig.  34)  for  this  series  in 
that  region : 
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Fio.  34. — Section  at 
Sewickley,  Pa. 


• 

ae 

0 


n 


a 
o 

at 


Sewickley ,  Alleghany  County ,  Pennsylvania. 

[See  map,  H 1. j 

Jt.  in. 

1.  Pittsburgh  coal 

2.  Shales,  Bandstones,  and  concealed 180 

8.  Sandstone,  M!orKantown,  massiye 25 

4.  Coal,  Elk  Lick    

5.  Shales  and  sandstone 

6.  limestone,  orinoidal 

7.  Coal,  orinoidal 1 

8.  Ked  shales  and  sandy  beds 110 

9.  Limestone,  gray,  Upper  Cambridge 2 

10.  Shales  and  concealed 40 

IL  Sandyshale 32 

12.  Darkslate 11 

13.  Limestone,  dark,  Lower  Cambridge 

14.  Dark  shales 

15.  Coal,  Masontown 

16.  Sandstone,  mioaceons,  gray 13 

17.  Fire  clay,  sandy 0 

18.  Sandstone,  light  gray 22 

19.  Shale,  dark  gray 8 

20.  Sandstone,  gray 0 

21.  Shale,  sandy 6 

22.  Shale,  bine 6 

23.  Sandstone C 

24.  Slate,  gray 3 

25.  Fire  clay,  variegated  at  base,  impure 25 

26.  Sandstone,  gray,  micaceous 38 

27.  Shales,  sandy,  blue 8 

28.  Sandstone,  light  gray 8 

29.  Upper  Freeport  coal. 

Total 


} 


Ft.  in. 


205 


3 

80 

•t 

2 

106 

• 

1 
11 

0 

5 

8  1 

0 

t 

0 

4 

8 

8 

5 

y    133 

7 

8 

4 

11 

5 

6 

6  J 

634 


The  injberval  No.  2  in  this  section  was  estimated, 
since  the  Pittsburgh  coal  is  not  found  in  the  imme- 
diate vicinity  of  Sewickley,  the  highest  stratum 
remaining  there  being  the  Morgantown  sandstone, 
No.  3. 
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Section  on  Dunbar  Creekj  PennsylvanUL — Eastward  from  the  Pittsburgh 
region,  we  have  a  line  of  measurements  of  the  Barren  series  which  ex- 
tend across  the  Alleghanies.  The  first  one  is  in  Ha 
adjoining  connty  of  Fayette,  at  the  foot  of  Ghest^ 
nnt  Bidge,  made  by  Prof.  Stevenson  and  published 
in  his  Beport  EE,  page  182.  It  is  as  follows  (Fig. 
36): 
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Fio.  35.— S(>ction  on 
Dunbar  Creek,  Pa. 


'    235    6 


^      59 


Dunbar  Creek,  Fayette  County ^  Pennsylvania, 

[See  map,  K  n.] 

Ft.  in.       Ft.    la 
i:  Coal^Pittobargh 

2.  Concealed... 15 

8.  Sandstone 10 

4  Coal,  Little  Pittobargh 0      6 

6.  CUy 3 

6.  Limeatone  and  shale 20 

7.  Sandstone,  Connellsville 00 

8.  Shales 50 

9l  Limestone 5 

10.  Shale 5 

11.  Sandstone,  Morgantown 55 

12.  Shale,sandy  12 

13.  Coal.  Elk  Lick 

U.  Shale 12 

15.  Concealed 12 

16.  Shale,  Tariegated 35 

1 7.  Coal,  clay,  crinoidal 

18.  Shales,brown 10 

1».  Sandstone 28 

20.  Shale 45 

21.  Coal,  Bakerstown 2 

21  Shale 63 

23.  Limestone,  Lower  Cambridge 

24.  Shale 7 

25.  Sandstone,  argillaceons 10 

26.  Concealed 25 

27.  Coal,  Masontown 

28.  CUy : 30 

29.  Sandstone,  Upper  Mahoning 35 

80.  Coal,  Mahoning 

31.  Firochiy 

82.  Sandstone,  Lower  Mahoning 

33.  Coal,  Upper  Freeport. 

Total 598 


148 


I 


I 


42 

2 
65 

2 

4 
35 


The  identification  of  the  Lower  Cambridge  limestone  in  the  above 
section  is  open  to  question,  but  the  probabilities  are  in  favor  of  the  one 
given. 
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^tion  at  Ligonierj  PenTtsylvaniu. — Eastward  from  the  last  locality, 
between  Chestnut  Eidge  and  Laurel  Hill,  the  following  section 
(Fig.  36)  of  these  beds  was  measured  at  Ligonier, 
Westmoreland  County,  Pennsylvania,  by  Prof.  Stev- 
enson, as  given  in  Report  KKE,  page  129: 


■.•:.*;: 


^^r^Z6 


as- 


i7rf 


so' 


1  .  >T. 


23' 


SCT 


Ligonietf  Wetttmareland  County^  Penntylvania, 

[See  map,  J  p.] 

•  Ft.  in. 

1.  Pittsbargh  cobI 

2.  CoDcoaled 60 

3.  Coal,  LitUe  PitUbarjfh I     « 

4.  Limestone 8 

5.  Concealed 27 

6.  Shale,  variegated 43 

7.  Coal,  Little  Clarksburg 

8.  Shale 10 

9.  Concealed 10 

10.  Sandstone,  Morgantown 115 

11.  Shale.olive 18 

12.  Coal,  Elk  Lick 

13.  Shale 

14.  Limestone,  green.  fossiliferouB 

15.  Shale 20 

16.  Sandstone 6 

17.  Clay 8 

18.  Limestone,  fermginoas 2 

19.  Shale 10 

20.  Sandstone 26 

21.  Concealed 100 

22.  Shale 5 

23.  Sandstone,  Upper  Mahoning 

24.  Shale 

25.  Coal,  blofwom,  Mahoning 

26.  Concealed 50 

27.  Sandstone,  Lower  Mahoning 25 

28.  Shale 5 

29.  Coal,  Upper  Freeport. 


Ft  in. 


S  130  6 


1 


I   6 
153 

3   6 
15 


),    175 


I 


15 
20 


80 


Total. 


602   6 


I'g^i^  Pa"!  **       ^^^®  ^^^  ^^®  preceding  section,  as  well  as  the  one 
which  follows,  illustrate  in  a  remarkable  manner  the 
.  variation  in  the  individual  elements  of  the  Barrens,  while  the 
thickness  remains  almost  exactly  the  same. 
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Section  near  Berlin^  Pennsylvania. — Still  farther  east,  in  the  BerbA 
basin  of  Somerset  Coanty,  Peunsylvania,  and  on  the  very  sammitoC 
the  Alleghany  Monntains,  we  find  this  series  with  the  followiDfr  stm- 
tnre  (Fig.  37)  as  determined  by  Messrs.  Platt^  with  some  additions  and 
modifications  by  the  writer : 
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Fig.  87.— Section 
near  Berlin,  Pa. 


Vicinity  of  Berlin,  Somerset  Couniy,  Pennsylvania. 


[See  map,  K  p.] 


Ft.   in. 


1.  Pittsburgh  coal 

2.  Interval,  shales, aandatoneo,  etc  ..^ 

3.  Coal 

4.  Limestone,  i^ray  and  buff 10 

5.  Concealed 50 

6.  Sandstone,  massive 25 

7.  Shales,  dark 15 

Cannel  slate 1' 

Coal,  slaty... 


8.  Coal,  Piatt  (erinoidal) . .  < 


Shale IM 

Coal 3'J 


0.  Sandy  shales  and  black  slates : 50 

3'    2"} 

C    4"> 4 

0*    «"> 


iCoal 3'    2" 
Slate . . . 
Coal.... 


.1'  3") 
.C  9"> 
.0'    6") 


f  Coal 

23.  Fireclay 2 

oj   T:»<^<.«^n<.    nun-^„( Limestone. dark. r    0" > 

^  ^;^ii?p-«,^^^^«^  \  Shale,  black C    4"  J 

(Lower Cambridge) ^ Unj^g^ne 2'    0' \ 

25.  Concealed,  and  shales 25 

26.  Coal,  Masontown 2 

27.  Concealed 5 

28.  Sandstone,  Mahoning,  and  concealed 100 

20.  Coal,  Upper  Freei>ort 

Total 


1 


s  w 


6 
6 

6 


n.  Slatee,dark 4 

i Limestone.. r    8") 

Slate C    8"> 3      8 
Limestone..!'    4")                                 ^ 

13.  Shale 0 

14.  Coal 1 

15.  Shales,  and  concealed 45 

16.  Coal,Coleman 1 

17.  Slate,  dark 0 

18.  Limestone,  Coleman  (Upper  Cambridge) 

J9.  Shales 10 

20.  Sandstone,  and  concealed 15 

21.  Shales,8andy 16 

cCoal 1 

22.  Coal,  Philson <  Slate,  black. . 


110 


2      6 


44 


133 


509 


Section  at  Broad  Top^  Pennsylvama. — As  showing  the  remarkal 
persistence  of  this  series  in  its  general  thickness  over  the  Pennsylvai 
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d,  we  give  another  measurement  (Fig.  38)  from  far  east  of  the 
Alleghany  Mountains,  in  the  center  of  the  Broad  Top 
Basin,  Bedford  Coanty,  Keport  T*,  Stevenson,  page  60 : 


s^»^a 
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38.~Seotioii 
Bioad  Top, 


JJrood  Top,  B^ford  County^  P&n,n9ylvania, 

[Seemap,  J  t]  Ft 

1.  PittabarKh  00*1 

8.  Poorly  exposed  (shales  and  sandttones) 425 

3.  Sandetone,  Upper  Mahoning 50 

4.  Coal,  Hahonlng 5 

5.  Clay 3 

6.  Sandstone,  Lower  Mahoning 40 

7.  Coal,  Upper  Freeport. 

Total 623 

Section  opposite  Steubenvillej  Ohio. — ^The  next  lino  of 
sections  in  this  series  across  the  Appa- 
lachian field  will  begin  at  Steabenville,  on 
the  Ohio  Biver,  and  keeping  south  of  the 
former  line,  end  at  Davis,  Tucker  County, 
West  Virginia.  The  following  succession 
(Fig.  39)  was  obtained  opposite  Steuben- 
ville  by  combining  the  surface  observa- 
tions with  the  records  of  drill  holes  and 
shafts: 


•     •  •  • 
„.V..'.V.'. 

«•••>■••• 
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Opposite  Steubenville,  Ohio, 
iSeemap,  IJ.j 

1.  Pittsbargh  ooal 

2.  Shales,  sandstone,  and  concealed 

3.  Shales ••. 

4.  Sandstone,  massive,  Morgantown 

5.  Limestone,  fossiliferons,  crinoidal 

6.  Red  shales 

7.  Concealed,  with  shales  and  flaggy  sand- 

stone   

8.  Coal 

0.  Shale 

10.  Limestone,    fosailiferons,    Lower  Cam> 

bridge 

11.  Shales,  drab 

12.  Shales,  with  coal,  Masontown  ..., 

13.  Shales,  gray 

14.  Sandstone,    Mahoning,    and    concealed 

under  river 

15.  Coal,  Upper  Freeport. 


Ft. 

100 
15 
65 

40 


\ 


1 


8 
2 
5 


Ft 

200 
10 

142 

2 
145 


a&' 


ZOO' 


180  J 


Totol 


499 


>%V.'.'.'.'.-.','. 

• •  ■•••-.  •••■ 
mm  ■*•>■•••■, 
•  •••■■'"•••• 


)his  shows  a  westward  thinning  of  about  100  feet 
the  series  between  Pittsburgh  and  Steubenville. 
Section  under  Wdshingion,  Pennsylvania. — Near  Wash- 
ton,  Pennsylvania,  many  wells  drilled  for  gas  and 
have  revealed  the  structure  of  the  Barren  Measures, 
lough  they  lie  many  hundred  feet  below  the  surface. 
>ne  of  these  borings  was  supervised  by  Prof.  Lin- 
,  of  Washington  and  Jefferson  College,  and  from 
record  thus  obtained  of  the  Thayer  oil  well,  as 
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Fio.  89.— Section 
opposite  Steuben* 
vllle,  Ohio. 
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pnblisbed  in  Pennsylvania  Geological  Beport,  1886^  page  764,  we 

the  following  for  the  Barrens  there  (Fig.  40) : 
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Fio.  40.— Section  at 
WoBhingtoD,  Pa. 


WiMihingion^  Pentwylvania. 
[See  map,  Jk.) 


Ft. 

1111  66 
70 
30> 

5 

50 

eo 

201 

....        87 f 

171 

12.  Shale,  red,  variegated 34J 

13.  Sandstone,  Upper  Mahoning 

14.  Shale,  olive  green  

15.  Sandstone,  Lower  <  grav,  fine  flaggy  . .  15' ) 

Mahoning }  whiUt 17'  > 

16.  Shale,  dark,  to  place  for  Upper  }  reeport 

coal 


1.  Coal,  PitiBborgh 

2.  Sandstone 

3.  Shale,  black  and  red 

4.  Shale,  red 

5.  Limestone 

6.  Sandstone.  Morgantown  . . 

7.  Shale,  black  

8.  Shale,  red  and  variegated. 

9.  Sandstone,  hard 

W.  Shale,  black 

11.  Sandstone 


FL 


220 


103 


71 

4 

32 


28 


Total 548 

Nos.  8  and  12  are  the  beds  which 
"cave"  and  give  the  oil  drillers  so  much 
troable. 

Section  near  Cannonshurg^  Pennsylva 
nia. — In  the  vicinity  of  Oannonsbnrg,  a 
few  miles  northeast  irom  Washington, 
the  record  of  a  well  drilled  for  gas  on  the 
Boyce  farm,  furnished  me  by  Mr.  Wm. 
S.  Stevenson,  assistant  superintendent  of 
the  Philadelphia  ITatural  Gas  Company, 
gives  the  following  (Fig.  41)  as  the  struc- 
ture of  the  Barrens  there : 

Near  Cannonaburg,  Washington  Conniyy  Penn- 
sylvania. 
iSeemap,  Jl.]  FL        Ft 

1.  Coal,  Pittsbargh 

2.  Limestone,  blue,  hard 

3.  Slate,  white,  soft 

4.  Shale,  red 

5.  Slat«»,  black »,       .__ 

6.  Shale,  red in(      825 

7.  Saudstone,  gray,  hard 

8.  Slat<»,  black 

0.  Sand^umc,  gray,  batd,  Morgantown 

10.  Shale,  re<i 

11.  Slat«\  black 

12.  Sandstone,  gray,  hard 

13.  Slate,  white,  soft 


14.  Sandstone,  gray,  hard 

15.  Slate,  black 

16.  Sandstone,  gray,  hard 

17.  Slate,  black 

18.  Sandstone,  gray,  hard 

19.  Slate  black 

20.  Sandstone,  graji  hard 

21.  Shells  and  slate,  gray,  hard 

22.  Slato,  bla«k.  soft 

23.  Slat«.  with  coal,  Mahoning 

24.  Shells,  gray*  hard 

25.  ShttM.  blacK,  soft    . . 

26.  Sandstone,  white,  hatd,  Lower  Mahoning. 

27.  Coal.  Upi>er  Freeport 


201 

45 

36 

0 
47 
10 
20 
38 
25 

5 
20 
10 
20 
15 
10 
25 

ft 
10 
20 
25  J 


40 
15 
2 
40 
45 


Total 537 


190       P 
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Fio.  41,— S 
near  Cam 
burg.  Pa. 
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Section  at  Margantown^  West  Virginia, — From  Washington  across  to 
Morgantown,  West  Virginia,  the  Barren  Measures,  as  revealed  by  bor- 
ings, hold  about  the  same  thickness  as  in  Washing- 
ton Oonnty.  In  the  vicinity  of  Morgantown  the 
entire  column  of  the  Barrens  is  exposed,  and  there 
the  following  structure  is  exhibited  (Fig.  42) : 


V>^!^^r-_?^^>S* 


ziTf 


^^■mi 


rif^-i 


100 


40" 
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Morgantown,  Monongalia  County,  West  Virginia, 


[See map,  Mm.] 


Ft  in.       FU  in. 


1.  Pittsburgh  oool 

2.  Fireclay 2 

3.  Sandy  BhaloB  and  sandstone 32 

4.  Coal.  Little  Pittsburgh 1     C 

6.  Sandyshales 17 

e.  Limestone 1 

7.  Yellowish  shales  with  iron  ore 10 

8.  Sandy  shales,  and  concealed 17 

9.  Sandstone,  rather  massive 25         )•    227 

10.  Sandy  abides,  and  concealed 15 

11.  Massive  sandstone 20 

12.  Bluish  green  sandy  beds 20 

13.  Black  slate,  foBsiliferoos 1 

14.  Limestone,  Clarksburg 1 

15.  Shales  and  sandy  beds 45 

10.  Sandstone,  Morgantown 20 

17.  ElkLickooal 

18.  Shales,  and  concealed 

19.  Lioiestone,  crinoidal 

20.  Variegated  shales 

21.  Limestone,  Upper  Cambridge 

22.  Shales 14 

23.  Sandstone,  Upper  Mahoning 3     6 

24.  Shales  and  shaly  sandstone 30 

25.  Massive  sandstone,  Lower  Mahoning lOO 

2fi.  Shales 40 

27.  Coal,  Upper  Freeport 

Total 561 


3 
55 

1      6 

85      6 

1 


187      6 


The  black  fossiliferons  slate,  No.  13,  represents 
Fia.42.>-sectinnAtMor-  the  horizou  of  the  Little  Clarksburg  coal,  and  is 
gantown,  w.  va.       ^^^  gjl^^  with  ^»ft  teeth  and  scales.    The  Upper 

Freeport  coal  is  about  100  feet  under  the  river  at  the  Morgantown 
wharf,  but  southward  it  rises  very  rapidly  and  comes  up  to  the  bed  of 
the  river  at  the  mouth  of  Gobum's  Greek,  2  miles  above.  It  is  there 
about  4  feet  thick  and  very  pure. 


1 


80 


.THE   NORTHERN   BITUMINOUS  COAL   FIELD. 


(BDU.6&. 


Seetion  near  Little  FalUj  West  Virginia,— In  the  vicinity  of  Little 
Falls,  Monongalia  Gonnty,  9  miles  above  Morgantown,  the  basal  mem- 
bers of  the  Barrens  can  be  obtained  more  in  detail 
than  in  the  Morgantown  section,  and  the  following 
(Fig.  43)  shows  the  stracture  there : 
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Fig.  43.— Section  at  Lit- 
tle Falls,  W.  Va. 


Little  ^alUf  Monongalia  County ^  West  Vtrffinia, 

[See  map,  H  m.] 


I^.  in.       FU  ML 


1.  Pittaburgh  ooai 

2.  Shales,  sandstoiiea,  and  concealed 100 

3.  Sandstone,  in  knob 5 

4.  Shales 15 

5.  Massive,  coarse  yellow  sandstone 21 

6.  Coaly  shale.  Little  Clarksburg 0 

• 

7.  Limestone,  fossiliferoas,  Clarksburg 1 

8.  Concealed,  shales  and  sandstone 47 

0.  Limestone,  nodular 3 

10.  Gray  and  yellow  shales 9 

U.  Blackalate 3 

iCoal 12" 
Slate 
Coal 

Concealed  with  red  shale.  IS' 
Coal,good C  6". 


1 

7 
6 


12.  Coal, Blk Lick. « 


12"  >  1 

1">  1'  5" 
4"S  > 


205    t 


16  U 


6 


13.  Shales 8 

li.  Limestone,  gray  and  buff  in  several  layers,  Elk  Lick.  0 

16.  Flaggy  sandstones  and  shales 22    10 

16.  Sandstone,  massive,  pebbly  al  base  for  4  feet 15 

17.  Concealed,  probably  shales 31 

18.  Fossiliferous  shale,  crlnoidal 

19.  Concealed,  red  shales  and  impure  limestones  ... 

20.  Limestone,  light  gray,  Upper  Cambridge 

21.  Shales  and  flaggy  sand;)tones 24      6 

22.  Sandstone,  rather  massive 10    10 

23.  Concealed,  and  shales 16 

24.  Sandstone,  Upper  Mahoning,  massive 63 

25.  Coal.  Mahoning 

20.  Shales  and  concealed 27 

27.  Shale,  greenish,  sandy 11 

28.  Sandy  shale  and  flaggy  sandstone 5 

29.  Shale,  greenish  yellow 12 

30.  Concealed,  probably  shale 17 

31.  Lower  Mahoning  sandstone 26 

32.  Coal,  Upper  Freeport. 

Total 


83    4 


3 
6 


10 

65 

1 


>    105     1 


6 


96     8 


687     S 


This  section  illustrates  well  the  variability  of  the  Barren  Measnres, 
when  compared  with  the  previous  one,  taken  only  a  few  miles  distant. 
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Section  at  Newburgj  West  Virginia. — The  syncline  between  the  Ohest- 
nut  Bidge  and  Laurel  Hill  anticlines  crosses  the  Baltimore  and  Ohio 

Bailroad  at  Newburg,  Preston  County,  West  Virginia, 
about  15  miles  east  irom  Little  Falls,  and  there  the 
Barren  Measures  admit  of  vertical  measurement  by 
combining  snrfoce  exposures  with  the  record  of  the 
Orrel  Goal  Company's  shaft.  The  result  is  as  follows 
(Fig.  44): 
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Newhurgf  Preston  (kmniy^  West  firginia, 
fSeemap,  Nni.] 

1.  Pitteburgb  ooal 

2.  Fire  oUy ; 

3.  Concealed 

4.  Shales,  aandy 

5.  Conoealed 

6.  Sandstone,  pebbly,  Morgantown .. 

7.  Concealed .' 

8.  Sandstone,  flaggy 

9.  Shales,  sandy 

10.  Shales,  dark,  fosailiferons  (crinoidal) 

11.  Concealed 

12.  Red,  marly  shale  

13.  Conoealed 

14.  Sandstone,  yellow 

15.  Conoealed 

16.  Fireclay  and  shales 

1 17.  Sandstone,  maasire 

18.  Sandy  shale 

19.  Sandstone,  masalTe 


Ft. 


S. 


mt 


fS  ^  20.  Conoealed. 

21.  Sandstone 

22.  Shales 

23.  Coal,  Mahoning 

24.  Sandstone 

25.  Shale 


tp  e  ^  20.  Sandstone 


^ 


27.  Shale 

28.  Sandstone 

29.  Coal,  Upper  Freeport. 


20 

5 
40 
10 
15 

5  J 
20 
10 
10 
10 
36 
25  J 

40 
•I 

84  } 

1 

3i 


!^ 


Total. 


«0' 


J^ 


5  ^ 

14 

30 

>        309 

230 

30  J 

15  ^ 

IC 

35 

10 

15 

95 


110 


80 


645 


This  is  in  the  same  geological  trough  as  the  section 
^'J       at  Ligonier  (Fig.  36),  and,  as  will  be  observed,  agrees 

'^NewbMfTwIva.**  ^^^  ^*  ^^  having  an  unusually  large  interval  between 

the  Pittsburgh  coal  and  the  base  of  the  Morgantown 
sandstone.  It  is  possible  that  the  Upper  Mahoning  sandstone  should 
not  include  Kos.  17-20  at  this  locality. 

Bull.  65 6 
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Section  near  Fairfax  Knob^    West   Virginia, — About  50  mUes  east 
from  Kewbarg  we  come  to  the  North  Potomac  Goal  Basin,  the  somh- 

ward  extension  of  the  Cumberland  or  G^eorges  Creek 
field  of  Maryland,  and  there,  in  the  vicinity  of  Fairfax 
Knob,  Tucker  County,  West  Virginia,  the  Barrens  ex- 
•^    hibit  the  following  structure  (Fig.  45) : 

'  Fairfax  Knohy  Tucker  County ^  West  Virginia. 

[See  map,  Oo.] 


Ft. 


lUi  I  t  hVi  i'fi.i  k  ThJ 


1.  PitUbnrgh  ooal 

2.  Shales  Mid  concealed 

c  Coal     2'  9" 

3.  Coal.  Little  Pittsburgh  . .  <  Slate 

(Coal. 


2'  9") 
0'  G"  V 
0'  6"  ) 


4.  Shales 


5.  Coal 


rCoal.  slaty.  0'  10" 

J  Coal 1'    5" 

■^  Slate r    0" 

ICoal r    0" 


locf 


6.  Fire  clay  and  shales 

7.  Blue  shales  with  iron  ore 

8.  Black  slate 


iCoal  .  0'  8" 
Slat« 
Coal. 


0'  8"  > 
C  4"> 
1'  0"  ) 


10.  Concealed,  with  Handstones  and  shales 

11.  Coal,  and  black  slate,  Masontown 

12.  Shales 

13.  Sandstone,  massive 25 

U.  Concealed 9 

go  ^  15.  Sandstone, soft 1 


t.  a 


S 


i 


16.  Clay,yellow 6 

.17.  Sandstone 20 

18.  Limestone,  Mahoning ^ 

19.  Softshale 1 

20.  Hardshale 9 

21.  Softshale 1 

^"^22.  Slate,  light  blue 10 

23.  Slate,dark 19 

24.  Sandstone 2 

26.  Coal,  Upper  Freejwrt 


) 


Fig.  46.— Section  at 
Fairfax  Knob,  W. 
Va. 


Total 


85 
3    9 

10 


10 

15 

3 

2 

200 

3 
50 


61 


20 


\      42 


538 


The  last  100  feet  of  the  section  was  obtained  from  the  record  of  a 
diamond  drill  hole  put  down  by  the  West  Virginia  Central  Railroad 
to  test  the  character  of  the  Upper  Freepoit  coal.  The  writer  saw  sam- 
ples of  the  Mahouing  limestone,  taken  from  the  drill  hole,  and  it  was 
a  dark  gray,  rather  pure  limestone. 

No.  5  is  a  second  Little  Pittsburgh  coal  which  is  occasionally  present 
in  the  Potomac  basin  and  elsewhere. 
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Section  in  Guernsey  Country  Ohio. — Toward  the  northwestern  side  of 
the  Appalachian  basin,  in  Ohio,  the  Barrens  are  thinner  than  elsewhere, 

as  may  be  seen  &om  the  following  section  (Fig.  46), 
made  by  Mr.  F.  W.  Minshall,  in  Guernsey  County, 
Ohio. 


Cruemsey  County f  Ohio. 


[See  map,  K  1] 

Fi.  in.        Ft,  in. 

1.  Pittsbnxgh  coal 

2.  Shales 10 

8.  Limestone 15 

4.  Shales 30          K    150 

6.  CoDoealed 75         [ 

6.  Shales 20         j 

7.  Limestone,  crinoidal 2 

8.  Coal,  orinoidal 1      3 

».  Shales 15 

otHT  10.  Limestone 10 

11.  Shales 35 

12.  Sandstone,  pebbly .  25 

13.  Shales 5 

14.  Cosl,  Bakerstown ^...  2 

15.  Shalea 35 

16.  Limestone,  Lower  Cambridge. . 

17.  Shales 5 

18.  Coal,  Masontown 1     3 

iv.  Dbaies  ....•••..«••••......  ....•  so 

20.  Sandstone,  Upper  Mahoning...  35 

»"^    21.  Coal,  Mahoning 1      8 

22.  Shales 5 

23.  Sandstone,  Lower  Mahoning. . .  30 

24.  Shales 5 

25.  Coal,  Upper  Freeport. 


V^^^ 


10' 


>    128      3 


112    11 


ISO' 


200 


Fio.  46.— Section  in 
Guernsey  County, 
Ohio. 


Total. 


3d5     2 


Section  at  Burning  Springs^  West  Ftr^nta.— At  Burn- 
ing Springs,  Wirt  County,  West  Virginia,  the  Barren 
Measures  have  the  following  structure  (Fig.  47),  ac- 
cording to  Mr.  Minshall: 


Burning  Springs,  Wirt  County,  West  Virginia. 

iSee  map,  P  g.] 

Ft,  in. 

1.  Pittebnrghcoal..... 

2.  Shales 10 

3.  Limestone 10 

4.  Concealed 180 

.5.  Limestone,  crinoidal 

6.  Coal,  crinoidal 1      8 

7.  Shales  10 

8.  Limestone 3 

9.  Concealed .'. 200 

10.  Sandstone 40 

11.  Shales 40 

12.  Coal,  Upper  Freeport. 


FLin, 

200 
3 

^      294    8 


to6 


I'' 


40' 


r&ll|l 


ZUV 


Totol. 


Fia.   47.— Section  at 

Burning  Springs,  W. 

497    8      Va. 
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Section  near  HuntingUmy    West   Virginia. — Near  the  soathwestern 
limit  of  the  district,  in  the  vicinity  of  fiantiDgtou,West  Yir^oia,  the 

Barren  Measures  have  the  following  structure  (Fig. 
48)  according  to  t&e  determinations  of  Mr.  A.  GL 
Selby,  who  made  careful  measurements  of  the  rocks 
exposed  there,  and  combined  them  with  the  record 
of  a  boring  for  gas  c 
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125" 
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Fig.  48.— Section  lu-ar 
Rontingtou,  W.  Va. 


I'ioinity  of  Huniington,  West  Ftryinuii  along  Ohio  River. 


[See  map,  S  b.] 


1.  Pittsbargh  ooal ..  

2.  Red  BhaJe,  contalDing  limestone  nodules  . ... 

3.  Sandstone,  shaly 

4.  Ked  shales  and  shaly  sandstone 

5.  Coal,  Little  Clarksburp 

0.  Sandstone,  massive,  Morgantown • . . . , 

7.  Elk  Lick  coal , 

a  Fireclay 

9.  Shales,  deep  red , 

10.  Limestone,  crinoidal 

11.  Coal,  crinoidal , 

12.  Ked  shales 

13.  Limestone 

14.  Shales  and  sandstones 

15.  Limestone,  Lower  Cambridfj^e 

16.  Shale.s 

17.  Glial,  Masontown 

18.  Shales 

19.  Sandstone,  Mahoninf( 

20.  Upper  Fn^eport  coal. 

Total 


28 
18 

101    y 

2 

50  I 

3 
103 


I 


It 


197 


2 

106 

2 

Iffi 


175 

10 

I 

30 

125 


166 


660 


This  is  nearly  twice  the  thickness  that  the  Ohio 
geologists  report  for  the  Barrens  along  the  north- 
western margin  of  their  outcrop,  but  all  of  the  meas- 
ures thicken  very  rapidly  toward  the  southeast  fix)m 
this  portion  of  Ohio.  It  is  possible,  however,  that 
Mr.  Selby  may  have  gotten  some  of  the  elements  of 
the  section  too  thick,  since  there  is  no  single  point 
between  Huntington  and  the  Big  Sandy  where  a  ver- 
tical measurement  of  all  the  members  can  be  made. 
The  true  thickness  can  not  be  much  under  600  feet  at 
least. 
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Section  near  Charleston,  West  Virginia. — In  the  vicinity  of  Cbarlestou, 
West  Virgioia,  and  just  north  from  it,  the  Barren  Measures  attain  a 
greater  thickness  than  anywhere  else  iu  the  Appala- 
chian Basin,  bo  far  an  known.  The  following  structure 
(Fig.  49)  may  be  observed  along  the  Great  Kanawha 
Biver  there,  and  its  tribatary,  Two-mile  Creek : 


S^S- 


Near  Charlttton,  Wat  Virginia. 


1.  FltUbargh  cokl 

3.  Concealed  led  abslee 
1  BuHlAtoiw,  miuWe  . . 


ii  limeal«D«  Dodoles... 


3.  I'lteclayandihaleB 

t.  SmirlatoDf.iiiawlve.  pebbly 

i.  Shale*  uiluDtlatoae 

S.  Shales,  witb  slreaks  of  coal,  Uawmbnrn  .. 

7   SandBioDs.  very  hacd 

i.  Coal.  UaboniDg  

L  Uaaaiye  gaodBtODe      

>  ShaJos  

1  Coal.  Tapper  Cannetton ..._..„. 

2  SaDdaUtue.  DUxaJTe      

i   Saodj  Hbalcs  

L  Coal  Mldille  CuiDeltau 

(.  Blackaiut  

1.  Shal«a  

"  Coal.  Upper  Freeport 


Total 


710.W— Secttoni 


IT  CharlestoD,  W.  Ta. 


As  may  be  seen  from  these  aections 
jnst  given,  many  of  the  beds  which  have 
received  distinct  names  are  not  persist- 
ent. They  occnr  at  some  localitiea  bnt 
are  wanting  in  others,  and  hence  are  so 
variable  that  they  are  never  all  fonnd  in 
one  section. 

We  shall  now  take  ap  the  more  im- 
portant members  of  the  scries  and  de- 
scribe them  inmore  detail  as  exhibited  at 
their  type  localities  and  eLsewhero. 
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CHARAOTEBISTIG  HORIZONS. 
THE  PITTSBURGH  COAL  ,ORBS. 

In  Payette  County,  Pennsylvania,  a  group  of  iron  ores  come  immedi- 
ately below  the  Pittsburgh  coal,  and  have  been  mined  for  the  manufac- 
ture of  iron  for  nearly  75  years.  They  have  been  very  carefully  studied 
by  Stevenson,  who  describes  them  in  his  report  (KE)  of  the  Pennsylva- 
tkisk  Geological  Survey.    He  gives  the  following  as  the  general  section 

of  the  ores : 

« 

Pi  ttfib  nrghcoal 

Clay 1 2  to  8  feet. 

Blue  Lamp  ore I  to  0  foot. 

Clay 4  inches  to  1  foot  6  inches. 

Condemned  flag  ore 1  to  0  foot. 

Clay 4  inches  to  2  feet  6  inches. 

Big  Bottom  ore.... I  foot  to  1  foot  8  inches. 

Clay 10  inohes  to  5  feet. 

Red  flag  ore 2inche8  to  6  feet. 

Clay 1  to  3  feet. 

Yellow  flag  ore 4  inches. 

This  succession  does  not,  of  course,  represent  the  structure  of  the  ore 
layers  at  all  localities,  as  the  thickness  and  quality  are  constantly  vary- 
ing. 

The  <'  Blue  Lump"  and  the  ^^Big  Bottom''  beds  are  of  the  most  im- 
portance, and  it  is  from  the  former  one  especially  that  Mr.  F.  H.  01|- 
phant  manufactured  iron  so  long  and  successfully  at  Fairchance. 
These  ores  are  confined  principally  to  the  Blairsville  basin,  in  Fayette 
County,  though  they  extend  into  the  edge  of  Monongalia  County  to  the 
south,  and  have  been  recognized  on  the  edge  of  Greene  County  to  the 
west. 

When  these  ores  are  not  present  their  places  are  often  occupied  by 
ferruginous  limestones  or  shales,  though  occasionally  a  sandstone 
stratum*  comes  in  close  under  the  coal  and  cuts  out  everything  else. 
This  interval,  immediately  below  the  Pittsburgh,  for  30  to  40  feet  is 
more  variable  than  any  other  portion  of  the  Barrens,  and  hence  it  is 
useless  to  attempt  to  classify  its  rocks. 

THE  LITTLE  PITTSBURGH  COAL. 

At  a  varying  interval  of  25  to  60  feet  from  the  top  of  the  Barrens 
there  often  occurs  a  thin  and  usually  impure  coal  bed,  which  has  been 
termed  the  Little  Pittsburgh  coal,  from  the  fact  that  it  is  so  close  to 
the  great  bed  above.  The  thickness  selcom  exceeds  two  feet,  and  it  is 
often  only  half  that.  The  best  development  of  this  coal  which  the 
writer  has  ever  seen  occurs  in  Fairfax  Knob,  Tucker  County,  West 
Virginia,  at  the  locality  of  Section  45,  where  the  bed  is  nearly  4  feet 
thick  and  is  locally  known  as  the  <'  coking  vein,"  from  the  fact  that  it 
baa  the  typical  structure  of  a  good  coking  coal. 
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Occasionally  there  appear  to  be  two  of  these  beds,  one  at  20  to  30 
feet  below  the  Pittsburgh  and  the  other  at  50  to  75  feet  below,  but 
they  may  probably  both  be  splits  from  the  same  bed. 

The  Little  Pittsburgh  coal  is  quite  persistent  at  the  northern  end  of 
the  Appalachian  coal  basin,  but  it  disappears  south  westward  across 
West  Yirgipia  and  is  seldom  seen  beyond  Harrison  County.  It  also 
fades  away  southward  in  Ohio,  since  it  does  not  appear  in  any  of  the 
Ohio  sections,  unless  it  should  be  the  ^'  JelSers"  coal  of  Prof.  Andrews, 
in  Gallia  County.  That,  however,  may  possibly  represent  the  Pitts- 
burgh bed.  In  the  vicinity  of  Wellersburg,  Somerset  Courity.  Penn- 
sylvania, there  appear  to  be  two  of  these  Little  Pittsburgh  beds,  and 
the  upper  contains  3  to  4  feet  of  good  coal,  while  the  lower  is  only  18 
inches  thick. 

THK  PITTSBURGH  LIMESTONES. 

There  are  very  frequently  two  limestones  in  the  shale  interval  of  50 
to  75  feet  below  the  Pittsburgh  coal,  one  of  which  comes  above  the 
Little  Pittsburgh  coal  and  the  other  a  tew  feet  below.  They  are  both 
known  under  the  general  name  of  Pittsburgh  limestone ;  but  it  would 
be  better  to  call  the  first  one  Upper  Pittsburgh  and  the  other  one 
Lower  Pittsburgh.  The  first  is  seldom  more  than  3  to  5  feet  thick,  but 
the  latter  is  occasionally  much  thicker,  as  it  is  the  more  persistent  of 
the  two,  being  purer  and  frequently  quarried  and  burned  into  lime  for 
agricultural  and  other  purposes. 

TUK  CONKELLSVILLE  SANDSTONE. 

At  a  short  interval  under  the  Lower  Pittsburgh  limestone  there  is 
often  found  a  massive  sandstone  which  is  frequently  couglomeritic. 
This  rock  rises  from  the  bed  of  the  Tough iogbeuy  River  at  Counells- 
ville,  and  was  named  from  that  locality  by  Dr.  Stevenson.  Being  one 
of  the  cliff  rocks  in  the  Barren  Measures,  it  has  played  an  important 
part  in  shai)ing  their  topography.  It  is  especially  hard  and  massive 
in  the  Cumberland  or  Georges  Creek  basin,  and  the  rounded  hills 
which  hold  the  "Big"  (Pittsburgh)  "vein''  rest  on  a  platform  of  this 
rock,  which,  owing  to  its  erosion-resisting  power,  makes  a  bold  terrace 
far  up  the  mountain  sides  after  all  the  soft  beds  above  have  disappeared. 
It  is  this  great  bed  of  pebbly  sandstone  that  caps  the  summits  in  the 
center  of  the  trough  south  from  Elk  (xarden,  after  the  Pittsburgh  coal 
has  disappeared,  forming  almost  level  plateaus  over  thousands  of  acres 
where  the  great  Pittsburgh  bed  is  missed  by  an  interval  of  only  50  to 
60  feet. 

The  same  pebbly  sandstone  marks  the  summits  of  the  hills  at  Beling- 
ton,  Barbour  County,  West  Virginia,  and  forms  huge  cliffs  at  many 
points  along  the  Monongahela  River  between  Fairmont  and  Morgan- 
town. 

At  Connellsville  the  top  of  this  stratum  lies  about  60  feet  under  the 
Pittsburgh  coal ;  but  this  interval  is  sometimes  as  small  as  40  feet,  and 
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again  increases  to  80  or  90.  When  not  pebbly  it  frequently  fiimijBhes 
excellent  bailding  stone.  The  thickness  varies  from  25  to  50  feet,  bat 
it  is  often  absent  as  a  massive  rock,  and  then  its  place  is  Ailed  with 
sandy  shales  or  flaggy  sandstone. 

THB  UTTUB  CLARK8BUB6  COAL. 

By  this  name  has  been  designated  a  bed  of  slaty  coal  which  occa- 
sionally makes  its  appearance  close  under  the  Connellsville  sandstone, 
and  100  to  125  feet  below  the  Pittsburgh  coal. 

At  Clarksburg,  West  Virginia,  the  coal  in  question  crops  out  along 
the  bed  of  Elk  Greek  for  a  considerable  distance,  and  is  IJ  to  2  feet 
thick,  but  poor  and  slaty.  It  is  called  Little  Clarksburg  to  distinguish 
it  from  the  Pittsburgh  coal,  which  is  extensively  mined  in  the  vicinity 
of  that  town,  and  is  locally  known  as  the  Clarksburg  bed. 

Very  frequently  this  coal  is  represented  by  a  bed  of  black  slate, 
which  is  filled  with  fish  remains,  teeth,  scales,  etc  The  deposit  in 
question  is  rarely  more  than  1^  to  2  feet  thick,  and  is  often  absent 
altogether,  so  that  it  is  of  very  little  economic  importance,  though  in 
the  Wellersburg  region  of  Somerset  County,  Pennsylvania,  it  attains 
a  thickness  of  nearly  6  feet,  and  contains  some  good  coal,  being  known 
as  the  «  G-foot "  bed. 

THE  CLARKSBURG  LIME8T0NX. 

Directly  under  the  last  described  coal'there  often  occurs  a  limestone 
which  is  finely  exposed  in  the  vicinity  of  Clarksburg,  along  the  bed  of 
Elk  and  the  West  Fork  Biver.  The  upper  portion  is  there  rather 
slaty,  and  filled  with  fossil  ostracoids  and  fish  remains.  The  next  layers 
under  this  are  very  compact,  and  come  out  in  peculiar  rhomboidal 
blocks.  This  entire  limestone  series  is  20  to  30  feet  thick,  and  some  of 
the  layers  are  quite  ferruginous,  so  much  so  that  they  were  mined  for 
ore  many  years  ago  at  an  old  charcoal  furnace  on  Elk.  Some  iron  ore 
was  also  obtained  near  Clarksburg  from  the  roof  shales  just  above  the 
Little  Clarksburg  coal,  and  used  in  this  furnace.  Th^  Clarksburg 
limestone  is  rather  widely  distributed  in  Pennsylvania  and  northern 
West  Virginia,  and  is  frequently  mined,  since  many  of  its  layers  fur- 
nish good  lime  for  fertilizing  and  building  purposes. 

THB  MORGANTOWN  SANDSTONE. 

At  25  to  40  feet  under  the  Clarksburg  limestone,  and  separated  from 
it  by  soft  shales,  we  find  one  of  the  great  sandstone  horizons  of  the 
Barren  Measures.  This  rock  was  named  by  Dr.  Stevenson  from  its 
fine  exposure  at  Morgantown,  West  Virginia,  where  it  has  been  exten- 
sively quarried  and  used  in  building  the  State  University  and  other 
structures.  At  this  typical  locality  the  top  of  the  stratum  lies  about 
200  feet  below  the  Pittsburgh  coal,  and  the  thickness  of  the  sandstone 
is  25  feet.  It  is  of  a  yellowish  gray  cast,  of  medium  grain  and  hard- 
ness, and  splits  readily  into  blocks  of  any  desirable  size.    Scattered 
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throagh  the  rock  are  stains  of  peroxide  of  iron  and  also  a  considerable 
quantity  of  feldspar  grains,  whicb  are  generally  decomposed,  thus 
giving  the  sarface  of  the  stone  a  mealy  look.  lu  some  of  the  crevices 
and  cavities  of  the  sandstone  pore  kaolin  has  accumulated  from  this 
source.  The  base  of  the  sandstone  is  often  conglomeritic  and  some- 
times  brecciated. 

This  is  a  quarry  sandstone  nearly  everywhere  that  its  outcrop  ex- 
tends. All  along  the  Monongahela  Biver  it  has  been  quarried  and 
used  in  building  the  locks  of  the  Slack  Water  Oompany.  The  stone 
dam,  No.  9,  was  built  of  rock  from  this  stratum.  It  is  one  of  the  most 
persistent  members  of  the  Barren  Measures,  and  often  makes  high 
cliffs.  It  caps  the  hills  in  the  vicinity  of  Grafton,  West  Virginia, 
where  it  is  also  quarried,  and  it  makes  a  line  of  conspicuous  bluffs  from 
there  to  beyond  Kewburg,  along  Three  Fork,  and  far  up  into  Barbour 
County  along  the  Yalley  Biver.  Along  the  North  Potomac  Biver,  in 
Mineral,  Grant,  and  Garrett  Counties,  the  same  rock  is  found,  and  on 
the  Great  Kanawha,  Guyandotte,  Big  Sandy,  Big  and  Little  Muskin- 
gum, and  other  tributaries  of  the  Ohio,  this  bed  is  generally  conspicu- 
ous. At  Huntington,  West  Virginia,  on  the  banks  of  the  Ohio,  it  is  50 
to  60  feet  thick,  while  on  Crooked  Bun,  Monongalia  County,  near  the 
Pennsylvania  line,  the  stratum  is  100  feet  thick.  It  is  the  first  oil  rock 
on  Dunkard  Creek,  and  some  of  the  wells  produced  largely  from  it.  In 
the  deep  borings  of  Washington  County,  Pennsylvania,  where  it  under- 
lies the  surface  500  )to  1,000  feet,  this  stratum  is  35  to  50  feet  thick,  and 
generally  contains  salt  water. 

THE  BLK  UCK  COAL. 

Immediately  under  the  Morgantown  sandstone,  or  separated  from  it 
by  only  a  few  feet  of  sh^ile,  there  comes  a  coal  of  very  wide  distribution 
which  occasionally  attains  workable  dimensions. 

This  name  was  given  the  coal  in  question  by  the  First  Geological  Sur- 
vey of  Pennsylvania,  but  the  place  of  the  bed  in  the  series  remained 
uncertain  till  Messrs.  Piatt,  of  the  Second  Survey,  recently  deter- 
mined the  matter  finally  by  identifying  the  massive  sandstone  above  it 
at  the  typical  locality  as  the  Morgantown. 

This  coal  attains  a  thickness  of  4  feet  jn  Somerset  County,  Penn- 
sylvania, and  has  there  been  mined  to  a  considerable  extent  for  local 
use. 

In  Westmoreland,  Fayette,  and  Alleghany  it  seldom  exceeds  2  feet, 
and  is  generally  less,  but  quite  persistent. 

In  Preston  County,  West  Virginia,  north  from  Cheat  Biver,  this  bed 
has  been  mined  to  a  considerable  extent  and  is  known  as  the  '<  top 
vein."  In  the  summits  near  Bruceton  it  is  4  feet  thick  and  a  rather 
sfood  coal. 

At  Morgantown  it  is  nearly  4  feet  thiek,  but  rather  poor  and  slaty. 

South  from  Monongalia  County,  it  is  occasionally  seen,  but  is  not  so 
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thick  as  at  the  northern  end  of  the  field.  At  Glenville,  Gilmer  County, 
it  is  in  the  bed  of  the  Little  Kanawha  River,  and  16  to  20  inches  thick. 

The  same  coal  is  also  recognizable  on  the  Big  Kanawha,  bat  is  there 
quite  thin.  In  the  section  (48)  at  Huntington,  West  Virginia,  Mr. 
Selby  finds  this  coal  2  feet  thick  but  very  slaty. 

It  is  not  often  reported  by  the  Ohio  geologists,  and  hence  may  fre- 
quently be  absent  from  the  measures  In  that  State. 

THB  ELK  LICK  LIMESTONE. 

In  sections  37  and  43,  a  limestone  is  seen  at  a  short  interval  below 
the  Elk  Lick  coal,  and  from  its  occurrence  at  this  hori  zon  in  Somerset 
County,  Pennsylvania,  it  has  been  termed  the  Elk  Lick  lin^estone  by 
Mr.  Franklin  Piatt,  of  the  Second  Geological  Survey,  Pennsylvania. 
The  stratum  in  question  occurs  at  200  to  240  feet  under  the  Pittsburgh 
coal,  and  is  not  always  present. 

As  exhibited  in  Somerset  County,  Pennsylvania,  this  limestone  is  of 
a  light  gray  color,  and  often  tinged  with  buff,  the  same  being  true  of  it 
in  Monongalia.  Piatt  reports  it  as  12  feet  thick  in  Somerset,  but  in 
Monongalia  it  is  only  about  half  that,  and  is  not  persistent. 

THE  CRINOIDAL  LIMESTONE   (GREEN  FOSSILIFEROU8  LIMESTONE,   AMES    UMBSTOKE). 

The  next  step  downward  in  the  rocks  takes  us  to  a  very  important 
horizon  and  one  which  marks  a  change  from  fresh  or  brackish  water 
deposits  to  marine  conditions,  for  here  we  get  abundant  marine  fossils 
for  the  first  time  in  descending  the  column  of  rocks. 

The  bed  in  whicfi  these  fossils  occur  has  received  several  names. 
The  geologists  of  the  First  Geological  Survey  of  Pennsylvania  called 
it  the  Green  Fossiliferous  limestone,  the  Ohio  Survey  has  termed  it  the 
Ames  limestone,  while  the  Second  Geological  Survey  of  Pennsylvania 
has  termed  it  the  Crinoidal  limestone.  This  latter  name  is  so  well 
known  now  in  geological  literature  that  it  is  probably  best  to  let  it  stand, 
though  as  a  synonym  and  geographical  designation  the  Ames  lime- 
stone may  be  retained. 

The  character  of  this  stratum  and  its  fossils  have  been  admirably 
worked  out  by  Stevenson,  who  first  showed  its  importance  as  a  strati- 
graphical  horizon.  It  comes  almost  exactly  midway  in  the  Barren 
series,  and  hence  it  is  a  constant  datum  from  which  the  geologist  can 
measure  either  upward  or  downward  to  identify  the  rocks. 

When  once  thoroughly  known  it  can  not  be  confused  with  any  other 
rock  in  these  measures,  since  it  is  the  highest  bed  that  contains  abun- 
dant Brachiopods  and  Lamellibranchs,  and  its  lithology  is  distinctly  dif- 
ferent from  anything  else.  Prof.  Stevenson  thus  aptly  describes  its 
general  features :  ^^Dark  bluish  or  greenish  gray,  tough,  and  breaks 
with  a  granular  surface  much  resembling  that  of  a  coarse  sandstone. 
•  •  •.  In  all  case49  it  is  fossiliferous  and  contains  immense  numbers 
of  crinoidal  stems  and  spines  or  plates." 
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Its  common  fossils  are:  Productua  N'ebra^cetmsj  P.  PratteniamiSy  P. 
longispinu^.  P.  semi-retieulatuSy  Heniipronites  crassus^  Spirifera  camerata^ 
S. planoconvexa^  Athyris  svhtilita^  Lophaphyllum  prolifervm^  Zeacrinus 
muerospinus,  together  with  the  nudetermined  plates  and  stems  of  cri- 
iioids. 

Thronghont  Pennsylvania  this  stratum  comes  about  275  to  300  feet 
below  the  Pittsburgh  coal,  and  the  same  distance  above  the  Upper 
Freeport,  though  occadonally  this  last  interval  is  increased  to  350  feet. 
The  rock  is  rarely  more  than  2  feet  thick,  and  often  not  so  much,  but  is 
wonderfully  persistent.  Even  when  not  present  as  limestone  its  hori- 
zon is  almost  invariably  made  known  by  the  fossiiiferous  shales  which 
accompany  the  bed. 

Through  Ohio  this  rock  is  almost  continuously  present  from  the  point 
where  it  enters  the  State  near  Steubenville  clear  around  to  where  it 
leaves  it  at  the  Kentucky  line  near  Gatlettsburg. 

Opposite  Steubenville  the  bed  is  8  to  10  feet  thick,  but  this  is  unusual, 
since  it  is  only  1  to  3  feet  at  most  points  in  Ohio. 

The  interval  between  this  rock  and  the  Pittsburgh  coal  decreases 
westward  to  200  feet  on  the  Ohio  River  at  Wellsburg,  and  farther  we«t 
in  Ohio  the  interval  still  further  declines  to  140  feet,  but  where  it  leaves 
the  State  at  the  southwest  it  increases  again  and  gets  to  be  300  feet 
opposite  Huntlngtoo,  West  Virginia. 

Through  this  latter  State  the  limestone  holds  its  place  very  regularly 
in  the  series  from  the  Pennsylvania  line  southward  into  Harrison  and 
Lewis  Counties,  and  it  is  also  present  on  the  Volcano  uplift  at  Burn- 
ing Springs  and  other  points,  still  holding  its  characteristic  fossils.  It 
disappears,  however,  in  passing  from  this  Little  Kanawha  region  south- 
ward to  the  Big  Kanawha,  for  when  we  come  to  this  latter  stream  the 
fossiiiferous  limestone  is  gone,  and  its  horizon  replaced  near  Charles- 
ton by  a  thin,  impure  limestone  which  holds  only  minute  fresh  water 
forms.  It  is  highly  probable,  however,  that  the  crinoidal  bed  comes  in 
again  a  few  miles  north  from  Charleston,  since  on  the  Big  Sandy  it  was 
followed  20  to  25  miles  above  the  mouth  of  that  stream,  and  there  it 
still  retains  its  crinoidal  phase,  though  getting  very  impure  where  last 
seen  in  that  valley. 

THE  CRINOIDAL  COAL. 

Immediately  under  the  last  described  limestone  we  very  often  find  a 
thin  coal  bed,  which  seldom  exceeds  18  inches  in  thickness,  and  hence 
is  of  very  little  economic  importance.  In  Somerset  County,  Pennsylva- 
nia, Mr.  Franklin  Piatt  identified  with  this  coal  No.  8  of  the  Berlih  (37) 
section,  a  very  impure,  slaty  bed,  occurring  in  several  layers  in  the  vi- 
cinity of  Berlin,  where  it  is  altogether  7  feet  thick,  and  locally  known 
as  the  Piatt  coal.  If  this  identification  be  correct,  this  is  the  greatest 
dev-elopment  the  coal  ever  attains. 

There  is  only  one  other  locality  besides  the  Berlin  region  where 
this  coal  has  been  mined  to  any  considerable  extent,  and  that  is  at 
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Burning  Springs,  Wirt  County,  West  Virginia.  Here  it  was  mined 
and  used  for  fuel  in  drilling  the  numerous  oil  wells  once  put  down  there, 
and  it  is  still  taken  out  on  a  small  scale  for  domestic  purposes,  though 
only  20  inches  thick.  Some  very  finely  preserved  fossil  Brachiopods 
and  Lamellibrauchs  have  been  obtained  from  the  roof  shales  of  the 
coal  at  Burning  Springs,  since  it  there  comes  only  2  to  5  feet  below  tbe 
Grinoidal  limestone. 

The  ^^Weller''  coal,  near  Wellersburg,  Pennsylvania,  is  probaUj 
identical  with  this  bed. 

RED  6HALB  BEDS. 

Throughout  most  of  the  Pennsylvania  and  West  Virginia  region,  the 
Grinoidal  limestone  is  underlaid  by  very  soft,  red,  and  variegated  shales, 
and  marly  clays.  Thej"  make  a  broad  red  band  in  the  soil  wherever 
they  extend,  and  are  a  great  nuisance  along  roads  and  railroads,  since 
when  wet  they  decompose  into  a  greasy  mud,  which  produces  many 
landslides  and  slips. 

It  is  this  stratum  which  causes  so  much  trouble  to  the  oil  and  gas 
drillers  of  southwestern  Pennsylvania  and  the  adjoining  regions  of 
West  Virginia,  since  it  is  so  easily  reduced  to  mud,  which  runs  into  the 
hole  and  fills  it  up,  so  that  casing  must  be  put  through  the  stratum  as 
soon  as  the  drill  has  penetrated  it.  From  this  tendency  to  slide  oat 
into  the  drill  hole,  it  is  termed  by  the  oil  drillers  the  ^^  caving  "  rock. 

Over  a  large  portion  of  Ohio  and  in  many  regions  of  West  Virginia 
a  hard,  bluish  gray  limestone,  not  at  all  or  but  sparingly  fossiliferous, 
occurs  near  the  center  of  this  shale  interval.  The  bed  is  3  to  10  feet 
thick,  and  in  Ohio  is  generally  called  the  Ewing  limestone.  It  is  shown 
in  the  West  Virginia  sections  at  Burning  Springs  (47)  and  at  Hunting- 
ton (4d),  and  it  is  recognizable  at  many  other  points  in  the  State. 

The  rest  of  the  Barren  Measures  from  this  red  shale  down  to  the  Ma- 
honing sandstone  is  extremely  variable.  Sometimes  it  is  nearly  all 
shales,  much  of  which  is  red,'  and  ^^  caves  "  in  drilling  through  it^  just 
like  that  under  the  Grinoidal  limestone,  and  again  as  in  the  Berlin  sec- 
tion (37)  it  contains  3  or  4  coal  beds,  and  as  many  limestones.  Some  of 
these,  however,  are  rather  persistent  and  will  be  referred  to  in  detaiL 

THE  BAKERSTOWN  COAL. 

At  some  localities  in  western  Pennsylvania  a  bed  of  coal  is  found  75 
to  90  feet  under  the  Grinoidal  limestone.  This  bed  is  mined  in  the  vi- 
cinity of  Bakerstown,  Alleghany  Gounty,  9*nd  it  has  been  designated 
from  that  village.  As  there  exhibited,  it  is  not  quite  3  feet  thick  and 
nither  slaty.  In  the  Berlin  region  a  coal  called  the  Price  bed  seems  to 
come  at  this  horizon.  It  is  about  4  feet  thick  and  furnishes  some  val- 
uable fuel  in  Somerset  Gounty. 

In  Section  37  will  be  found  some  thin  coal  beds  under  the  Price  coal, 
which  are  rarely  represented  in  any  other  section  of  the  Barrens. 
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Among  these  are  the  CoIemaD,  Philson,  and  .the  one  a  few  feet  under 
the  Price  bed;  bat  they  are  aU  local,  though  occasionally  we  And  traces 
of  some  of  them  in  other  regions  than  Somerset  Oonnty.  This  whole 
interval  for  100  feet  below  the  Orinoidal  limestone  is  so  extremely  vari- 
able that  the  classification  for  one  region  is  of  very  little  use  in  another. 
An  instance  of  this  is  seen  at  Saltsbnrg,  Pennsylvania,  where  a  great 
sandstone  100  feet  thick  comes  into  the  series  a  few  feet  under  the 
Orinoidal  limestone  horizon.  This  was  termed  the  Saltsbnrg  sandstone 
by  Stevenson,  but  it  is  hardly  persistent  enough  to  classify  as  a  regu- 
lar member  of  the  Barrens.  In  the  Charleston,  West  Virginia,  region 
a  massive  pebbly  si^ndstone  occurs  not  far  from  the  horizon  of  the 
Saltsbnrg  rock,  and  the  one  which  caps  the  hills  at  the  mouth  of  the 
Big  Sandy  Biver  may  be  identical  with  the  same  bed. 

THE  CAMBRIDGE  LIBIESTOinBS. 

At  many  localities  in  Ohio  two  dark  fossiliferous  limestones  occur 
only  20  to  30  feet  apart,  and  Prof.  Orton,  director  of  the  Ohio  G^logi- 
cal  Survey,  has  named  them  respectively  the  Upper  and  Lower  Gam- 
bridge  limestones.  In  Ohio  these  beds  generally  occur  from  90  to  130 
feet  under  the  Orinoidal  limestone  and  are  always  very  fossiliferous. 

In  many  regions  of  Pennsylvania  two  dark  fossiliferous  limestones 
occur,  which  correspond  to  the  two  in  Ohio,  only  there  they  are  60  to 
70  feet  apart,  and  the  upper  one  90  to  120  feet  under  the  orinoidal  bed, 
while  the  lower  one  is  150  to  190  feet  below  the  same  horizon.  I  have 
identified  the  two  in  Pennsylvania  with  the  two  in  Ohio,  and  have  also 
adopted  the  Ohio  names,  since  the  Pennsylvania  beds  are  known  under 
several  names  in  different  parts  of  the  field,  while  the  Ohio  names  are 
now  well  established.  The  upper  one  is  the  lighter  colored  of  the  two, 
and  while  generally  fossiliferous,  the  fossils  are  not  so  abundant  a^  in 
the  lower  limestone.  This  upper  one  was  termed  the  Pine  Greek  lime- 
stone in  my  Beport  Q  of  the  Pennsylvania  Survey,  while  in  Somerset 
Gounty  it  seems  to  be  identical  with  the  Goleman  limestone  of  Piatt. 

At  Morgantown,  West  Virginia  (Section  42),  this  bed  is  dark,  quite 
fossililerons,  and  lies  85^  feet  below  the  Orinoidal  limestone. 

The  term  Black  Fossiliferous  limestone  of  the  First  Pennsylvania 
Geological  Survey  Beports  was  probably  applied  quite  as  oft^n  to  this 
upper  rock  as  to  the  lower  one,  since  at  times  they  very  closely  re- 
semble each  other,  and  contain  practically  the  same  fossils. 

The  interval  separating  the  two  limestones  is  generally  shale  in  Ohio, 
but  in  Pennsylvania  it  is  sometimes  a  massive  sandstone,  and  60  to  90 
feet  thick.  « 

The  Lower  Gambridge  limestone  is  identical  with  the  one  termed 
Brush  Greek  limestone  by  the  writer  in  Beport  Q,  Second  Geological 
Survey  of  Pennsylvania,  but  the  geological  horizon  of  that  limestone 
was  there  placed  lower  than  it  should  have  been  by  50  to  60  feet,  since 
it  was  considered  to  belong  between  the  two  members  of  the  Mahoning 
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sandstone,  instead  of  aboye  both  members,  and  hence  the  term  Bra^ 
Creek  limestone  shonld  be  dropped  from  the  nomenclature,  and  Lower 
Cambridge  snbstitnted.  This  lower  limestone  is  very  fossiliferous, 
often  being  a  mere  mass  of  Brachiopods  and  Lamellibranchs,  of  which 
the  most  common  are  Chonetes  mesoloba^  Athyris  subtilita^  Prudwi^ 
Nebracensis  and  a  large  Solenomya,  together  with  Nautilus  occidmtaU$ 
and  Orthoceras  cribrosnm. 

This  bed  seems  to  be  quite  as  persistent  in  Ohio  as  the  Grinoidal 
limestone,  since  it  is  present  in  almost  every  section  at  the  proper 
horizon,  from  Steubenville  clear  aroand  to  Ironton,  near  which  latter 
point  it  is  only  75  feet  above  the  base  of  the  Barrens. 

In  the  hills  at  Catlettsburg,  Kentucky,  a  dark  fossiliferous  limestone 
occurs  at  160  feet  above  the  Cpper  Freeport  coal,  but  this  is  probably 
the  Upper  Cambridge,  and  the  same  limestone  occurs  in  the  summits 
of  the  hills  opposite  Louisa,  Kentucky,  at  200  feet  above  the  Upper 
Freeport  bed.  It  is  barely  possible,  however,  that  this  may  be  the 
Lowev  Cambridge  limestone,  since  the  Barrens  thicken  very  rapidly 
southward  from  their  northwestern  outcrop.  In  the  Berlin  section, 
(37),  the  Lower  Cambridge  limstone  appears  to  be  represented  by  the 
Philsou  limestone  of  Piatt.  The  '^  calcareo-siliceous  rock"  of  Hildieth, 
in  Ohio,  appears  to  represent  the  same  bed. 

THE  MA80NTOWN  COAL. 

At  an  interval  of  5  to  ^0  feet  below  the  Lower  Cambridge  lime- 
stone there  occurs  a  coal  bed  which  has  quite  a  wide  distribution.  It 
attains  its  best  development  in  the  region  of  Masontowu,  Preston 
County,  West  Virginia,  and  it  has  been  designated  from  that  village. 
It  is  there,  and  at  many  other  points  in  the  Preston  basin,  mined  for 
domestic  purposes,  being  known  as  the  ^^  4-foot  ^  bed,  and  is  a  dry, 
open-burning  coal,  highly  prized  for  domestic  fuel.  It  is  everywhere 
preferred  to  the  Upper  Freeport,  which  is  accessible  in  the  same 
region. 

This  appears  to  be  the  same  bed  which  the  writer  described  in  Be- 
port  Q,  Second  Geological  Survey  of  Pennsylvania,  under  the  name  of 
Brush  Creek  coal,  since  a  diamond  drill  hole  has  recently  shown  that 
the  Brush  Creek  bed  lies  135  feet  above  the  Upper  Freeport  coal  instead 
of  75,  as  formerly  supposed,  and  hence  it  is  deemed  best  to  drop  the 
name  Brush  Creek  altogether  for  both  the  coal  and  the  limestone 
This  Masontowu  coal  is  generally  the  first  one  above  the  top  of  the 
Mahoning  sandstone,  and  the  interval  separating  it  from  the  latter  varies 
from  5  to  50  feet,  yery  frequently  the  coal  is  only  one-half  to  1  foot 
thick,  and  sometimes  it  is  represented  only  by  black  slate. 

Near  Gallitzin,  Pennsylvania,  it  is  seen  in  a  cut  on  the  old  Por- 
tage Railroad,  where  it  is  only  one-half  foot  thick,  but  it  is  overlaid  by 
3  to  4  feet  of  black  slate.    The  coal  is  here  140  feet  above  the  Upper 
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Freeport  coal  as  measnred  in  the  McCoy  shaft,  which  starts  at  the  hori- 
zon of  the  Masontown  bed. 

This  coal  is  reported  as  present  at  many  localities  in  Ohio,  thongh 
there  it  seldom  exceeds  2  feet  in  thickness.  It  is  probabiy  this  bed 
which  has  been  opened  near  the  snmmit  of  the  hill  opposite  Louisa, 
Kentucky^  where  it  is  2  feet  thick  and  rather  slaty. 

In  the  Belington  basin,  Barbour  County,  West  Virginia,  this  coal 
attains  a  fine  development  and  is  often  4  to  5  feet  thick  with  6  inches 
of  bony  coal  near  the  center. 

THE  IKONDALE  LIMESTONE  AND  ORE. 

Directly  under  the  Masontown  coal  there  is  occasionally  found  a  bed 
of  buffish  gray  limestone,  which  at  Irondale,  Preston  County,  West 
Virginia,  and  adjoining  regions,  is  accompanied  by  a  bed  of  iron  ore 
immediately  under  the  limestone. 

When  the  ore  is  present,  however,  the  coal  above  is  generally  absent, 
as  is  the  case  at  Irondale  and  Oladeville,  Preston  County,  where  the  ore 
has  been  used  to  a  considerable  extent.  It  varies  in  thickness  from  1 
to  2  feet,  and  is  rather  siliceous,  there  being  only  about  38  per  cent  of 
metallic  iron  in  the  ore.  It  comes  155  feet  above  the  Upper  Freeport 
coal,  and  hence  its  horizon  is  assigned  to  that  of  the  Masontown  coal, 
since  the  interval  agrees,  and  then  a  similar  limestone  3  feet  thick  is 
seen  under  the  coal  at  Albright  and  other  localities  in  Preston  County. 

THE  MAHONING  SANDSTONE. 

This  is  the  lowest  sandstone  deposit  of  the  Barren  Measures,  and  al- 
though at  times  consisting  of  one  solid  rock,  yet  it  is  generally  complex. 
The  usual  rule  is  for  the  mass  to  divide  into  two  sandstones,  an  Upper 
and  Lower  Mahoning,  each  40  to  50  feet  thick,  with  a  shale  interval 
between  containing  a  coal  bed  and  limestone  or  iron  ore,  but  sometimes 
when  the  group  reaches  a  great  development,  as  on  the  Big  Kanawha 
(Section  49),  it  contains  three  coal  beds,  and  as  many  sandstone  divi- 
sions. This  is  exceptional,  however,  the  normal  structure  having  only 
two  sandstones  with  one  included  coal,  the  whole  series  being  100  to 
150  feet  thick. 

The  wild  scenery  and  poor  soil  of  the  lower  portion  of  the  Barrens 
are  largely  due  to  these  sandstones.  Being  frequently  quite  hard  and 
even  pebbly,  they  cap  the  hills  longafter  all  the  other  members  of  the 
Barrens  above  have  disappeared,  and  they  have  thus  protected  the 
underlying  Lower  Coal  Measures  over  wide  areas  \ihere  the  latter 
would  otherwise  have  been  carried  away  by  erosion. 

In  Wyoming  County,  West  Virginia,  they  cap  the  summits  of  Guy- 
andotte  Mountain  at  an  elevation  of  3,000  feet  al>ove  the  sea.  Much  of 
the  Lower  (  oal  Measures  between  that  mountain  and  the  Great  Ka- 
nawha River  would  have  been  swept  away  but  for  this  massive  coping. 

It  is  the  same  friendly  cover  that  has  preserved  large  areas  of  the 
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Goal  Measares  on  the  summits  of  the  Alleghany  Mountains,  and  in  iso- 
lated basins  like  Broad  Top.  The  great  tunnels  on  the  PennsylTania 
and  Baltimore  and  Ohio  Railroads,  Gallitzin  and  Kingwood  Te8i)ect 
ively,  pass  under  domes  of  this  sandstone  groap.  Some  portions  of 
this  sandstone  nearly  always  furnish  good  building  rock,  the  Govern- 
ment locks  on  the  Great  Kanawha  being  constructed  of  it.  The  same 
stone  is  also  largely  quarried  along  the  Ohio  Biver  hills  m  Beaver 
Gounty,  Pennsylvania. 

The  Upper  Mahoning  is  generally  more  massive  than  the  Lower  one, 
and  is  the  conglomeritic  member,  since  it  is  often  a  mere  mass  of  quartz 
pebbles,  having  once  been  quarried  for  mill  stones  on  Gheat  Biver  near 
Morgantown.  In  the  Great  E^anawha  region  this  rock  is  extremely 
hard  and  siliceous,  and  at  many  points  a  mere  bed  of  pebbles,  some  of 
which  are  as  large  as  an  egg. 

THK  MAHONING  GOAL. 

This  is  the  coal  bed  which  is  so  often  lK>nnd  up  between  the  two 
great  divisions  of  the  Mahoning  sandstone.  It  was  formerly  called 
the  Brush  Greek  by  the  writer,  but  as  the  place  of  that  coal  was  mis- 
understood, it  is  thought  best,  as  already  stated,  to  drop  the  name  en- 
tirely, and  replace  it  with  the  name  Mahoning,  since  it  comes  in  the 
middle  of  the  Mahoning  sandstone.  It  is  possible  that  the  Gallitzin 
coal  of  Piatt  in  Cambria  and  Blair  Counties  may  belong  at  this  horizon, 
but  owing  to  the  uncertainty  connected  therewith  it  has  been  deemed 
best  not  to  adopt  that  name. 

This  is  a  very  widely  distributed  coal  bed,  and  frequently  attains 
commercial  importance.  It  is  the  coal  No.  7  of  the  eastern  Ohio  series, 
where  it  is  3  feet  thick  and  very  excellent  fuel.  It  is  mined  at  many 
localities  in  Ohio,  as  well  as  in  Pennsylvania. 

On  the  Great  Kanawha  Biver,  a  few  miles  above  Charleston,  this  bed 
swells  out  to  a  thickness  of  17  feet  in  the  vicinity  of  Coalburg ;  bat 
much  of  this  is  slate  and  bone,  there  being  only  5  to  6  feet  of  good  coal 
in  the  bed.  There  is  probably  a  considerable  area  of  this  coal  of  mer- 
chantable thickness  in  the  region  southwest  from  the  Great  Kanawha, 
since  it  is  several  feet  thick  along  the  summits  of  ridges  in  the  Huff 
Creek  Mountains,  at  the  southern  line  of  Logan  County,  and  the  same 
bed  is  5  feet  thick  along  the  Tug  branch  of  Big  Sandy,  and  in  the 
Peach  Orchard  region  of  Kentucky,  where  it  occurs  235  feet  above  the 
Peach  Orchard  bed  (Winnifrede).  The  coal  is  quite  hard,  and  in  many 
places  a  ^<  block"  coal  through  this  southwestern  region.  The  interval 
of  this  bed  above  the  base  of  the  Barren  Measares  varies  from  50  to 
175  feet,  this  latter  being  the  figure  at  Coalburg  and  Peach  Orchard. 

THE  MAHONING  LIMESTONE. 

Occasionally  a  limestone  comes  into  the  series  immediately  nnder  the 
Mahoning  coal.    In  Beaver  County,  Pennsylvania,  it  is  often  5  to  8  feet 
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tbicky  and  is  looally  termed  the  ^'  Sammit''  limestone.  It  is  not  a  per- 
sistent bedy  being  mach  less  so  than  the  coal  of  the  same  name  above, 
and  when  present  it  is  often  impare  and  ferraginoas.  In  fact  it  is  occa- 
sionally an  iron  ore,  the  Johnstown  ore  of  Pennsylvania  being  identical 
with  this  stratnm. 

THE  UPPBR  AND  MII>DLB  GANNKLTON  COALS. 

• 

Along  the  Oreat  Kanawha,  where  all  of  the  measures  have  thickened 
up  so  abnormally,  two  other  coal  beds  make  their  appearance  in  the 
Barren  series  below  the  Mahoning  coal,  and  the^  have  been  termed  the 
Upper  and  Middle  Oannelton^  from  a  locality  on  the  Kanawha  where 
both  are  exposed.  The  former  has  there  been  mined  for  a  long  time  in 
the  summit  of  the  hills,  where  it  furnishes  5  feet  of  excellent  ^' block" 
coal.  It  comes  90  feet  Bbove  the  base  of  the  series,  but  the  interval 
constantly  decreases  northward,  and  at  Charleston  is  only  40  to  50 
feet.  As  this  interval  decreases  the  coal  becomes  inferior,  until  at 
Charleston  it  is  represented  by  some  coaly  streaks  only,  about  the  mid- 
dle of  the  Lower  Mahoning  sandstone. 

The  Middle  Cannelton  coal  never  attains  commercial  value,  and  is 
found  only  in  the  region  of  Cannelton  and  southward.  It  is  slaty, 
worthless,  never  more  than  3  feet  thick,  and  comes  20  to  25  feet  above 
the  base  of  the  Barrens. 

The  Lower  Mahoning  sandstone  is  generally  of  a  bluish  gray  color, 
quite  homogeneous,  and  often  an  excellent  building  stone.  Though 
occasionally  containing  pebbles,  it  is  much  freer  from  them  than  the 
Upper  Mahoning.  The  thickness  varies  from  30  to  50  feet,  except  in 
the  Kanawha  region,  where  it  splits  up  into  two  or  three  divisions,  and 
is  more  than  100  feet  thick. 

The  shales  which  separate  the  Upper  and  Lower  Mahoning  sand- 
stones are  sometimes  red,  or  variegated,  as  in  the  Sewickley  section 
(34) ;  >  and,  occasionally,  as  in  the  vicinity  of  Tunnelton,  Preston  County, 
West  Virginia,  good  fire  clay  occurs  at  the  horizon  of  the  Mahoning 
limestone. 

Both  members  of  the  Mahoning  sandstone  are  occasionally  oil-pro- 
ducing, but  more  generally  the  upper  one,  this  being  the  main  oil  rock 
at  Bobtown,  on  Dnnkard  Creek,  Greene  County,  Pennsylvania,  and 
on  Whitely  Creek.  It  is  known  to  the  oil  producers  as  the  ^'Daukard 
sand,"'  and  it  is  also  oil-bearing  in  the  Macksburg  and  other  regions  of 
Ohio. 

The  shales  which  usually  intervene  between  the  base  of  the  Mahon- 
ing sandstone  and  the  Upper  Freeport  coal  often  contain  fossil  Brach- 
iopods  and  Lamellibranchs,  as  well  as  the  common  coal  measure  plants. 
They  are  quite  variable  in  thickness,  the  Lower  Mahoning  sometimes 
cutting  out  the  shales  entirely  and  resting  on  the  Upper  Freeport  coal, 
while  again  the  shales  may  thicken  up  to  50  feet. 
Bull.  65 7 
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THE  KANAWHA  BLACK  FLINT. 

In  the  midst  of  the  shales  at  the  base  of  the  Barrens,  and  apparently 
at  the  horizon  which  nsaally  contains  the  marine  fossils,  tUere  oocors 
along  the  Great  Kanawha  Biver  a  pecnliar  dep  ^sit,  known  locally  as 
the  ^*  Black  Flint."  It  makes  its  appearance  in  the  section  first  at 
Charleston,  and  occnrs  from  there  southward  along  the  river  until  the 
Barrens  disappear  from  the  summit  of  Gauley  Mountain,  50  miles  dis- 
tant. 

The  distribution  of  the  flint  appears  to  be  confined  to  a  belt  along 
the  river  10  to  12  miles  wide,  since  at  5  to  0  miles  back  on  either  side  it 
generally  disappears  from  the  section,  so  as  to  be  no  longer  recognisa- 
ble. It  is  not  confined  to  the  Kanawha  region  however,  since  the 
deposit  is  visible  near  Clay  Court  House,  on  ^ Elk  Biver,  and  near  the 
California  House,  on  the  crest  of  the  Burning  Springs  anticlinal,  where 
it  crosses  Hughes  Biver  at  the  corner  of  Wirt  and  Bitchie  Counties. 
The  rock  varies  from  5  to  15  feet  in  thickness,  and  is  usually  of  a  dark 
or  bluish  black  color,  though  at  the  California  House  it  is  light  colored. 
Being  almost  indestructible  by  atmospheric  agencies,  it  has  played  a 
conspicuous  part  in  shaping  the  topography  in  the  Kanawha  region, 
since  it  protects  the  underlying  beds  from  erosion.  Through  the  agency 
of  heat  and  cold  it  finally  breaks  down  into  oblong  and  rudely  rectang- 
ular blocks  which  everywhere  line  the  beds  of  streams  and  cover  the 
surface  below  the  line  of  outcrop.  The  Indians  manufactured  arrow 
heads  and  other  implements  fr.im  this  material,  so  that  pieces  of  it  have 
been  found  as  far  north  as  Pennsylvania.  It  is  evidently  a  marine 
deposit,  since  it  is  distinctly  stratified,  and  specimens  of  Discinaj  Spi- 
riferay  and  Froductua  are  common  in  the  less  siliceous  layers.  The  flint 
is  evidently  derived  from  the  skeletons  of  diatoms  and  protozoa,  though 
no  microscopic  examination  has  been  made. 
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CHAPTER  V. 

THE    LOWER   COAL  MEASURES,  OR  ALLEGHANY    RIVER  SERIE 

THICKNESS,  CHABAOTBB,  AND  EXTENT. 

Below  the  Barren  Measnres  or  Elk  Biver  series  there  occurs  a  groi 
of  rocks  (Na  XIII)  which  always  holds  valaable  coal  beds.  From  t 
fEUit  that  they  are  finely  exposed  along  the  Alleghany  Biver,  they  wc 
long  ago  caUed  the  Alleghany  Biver  series,  and  their  geological  po 
tion  in  the  general  scale  of  the  Oarboniferoas  gave  them  the  nai 
Lower  Goal  Measures.  The  discovery  in  recent  years  that  the  n€ 
lower  group  of  beds  (the  Pottsvilte  Gonglomerate)  sometimes  hoi 
workable  coal,  has  been  used  as  an  argument  by  some  geologists  J 
breaking  up  the  old  nomenclature  and  rearranging  the  Garboniferc 
into  new  groups,  but  this  nomenclature  is  so  convenient,  and  express 
the  natural  divisions  of  the  rocks  so  well,  that  it  would  be  very  unwi 
to  make  any  such  changes  as  have  been  proposed,  since  it  would  be 
no  particular  service  and  would  only  bring  confusion  to  the  minds 
many  people  interested  in  Garboniferous  geology  who  are  now  tb 
oughly  conversant  with  the  old  and  tried  nomenclature  of  Pennsylvai 
and  Virginia.  Hence,  while  for  strictly  scientific  purposes  it  may 
well  to  group  the  Garboniferous  rocks  on  a  wider  basis  as  proposed 
a  former  part  of  this  report,  yet  for  every  day  field  work  in  practii 
geology,  the  old  nomenclature  can  not  be  improved  upon. 

The  Lower  Goal  Measures,  as  now  limited,  begin  at  the  top  with  t 
widely  distributed  and  valuable  Upper  Freeport  coal  bed  (a  horiz 
which  is  easily  recognized  anywhere  by  the  field  geologist)  and  exte 
down  through  several  beds  of  shale,  limestone,  coal,  and  sandstone  1 
a  horizon  is  reached  where  a  marked  change  in  lithology  takes  pla* 
the  sandrocks  becoming  harder,  more  massive,  and  often  pebbly,  acco 
panied  with  a  corresponding  change  in  the  character  of  the  imbedd 
fossils. 

The  thickness  of  this  series  varies  greatly  in  different  portions  of  t 
field,  being  not  far  from  300  feet  in  western  Pennsylvania,  and  6eld< 
less  than  250  feet  anywhere  in  that  State,  except  in  the  Broad  T 
field.  But  westward  through  Ohio  the  thickness  of  these  measui 
declines  until  around  the  northwestern  border  of  the  field  it  is  less  th 
200  feet.  Southward  from  this  reg?on  of  Ohio,  where  the  Lower  G( 
Measures  are  thinnest,  they  thicken  up  rapidly  until  on  the  Great  S 
nawha  Biver  the  series  is  1,000  i'eet  thick,  aud  the  same  ou  the  Guyt 
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dotte  and  Tag  Rivers.  Just  where  this  great  thickening  ap  begins  in 
going  sonth westward  from  the  Pennsylvania  line  is  not  exactly  known, 
bnt  there  are  good  reasons  for  believing  that  innch  the  greater  portion 
of  it  takes  place  beyond  the  Little  Kanawha  River. 

The  topography  made  by  these  rocks  is  generally  very  much  the 
same,  except  where  the  thickness  is  very  great.  It  is  nearly  every  wheie 
characterized  by  a  hilly  country,  terraced  with  a  series  of  parallel 
benches  which,  as  Lesley  long  ago  showed,  mark  the  outcrops  of  the 
several  coal  beds,  since  the  sofl  rocks  usually  found  with  every  coal 
are  more  rapidly  eroded  than  the  harder  ones  above  or  below.  These 
coal  benches  are  not  confined  to  the  topography  of  the  Lower  Coal 
Measures,  since  they  are  due  to  a  general  law  of  erosion,  bat  are  only 
more  conspicuous  in  this  series  because  the  coal  beds  are  more  numer- 
ous and  closer  together. 

Through  Pennsylvania,  Ohio,  and  the  northern  half  of  West  Vir- 
ginia, with  few  exceptions,  the  hill  slopes  of  these  measures,  whUe  often 
rather  steep,  are  not  too  rugged  for  good  arable  and  grazing  lands,  and 
the  soils  are  usually  rich;  but  in  the  southwestern  part  of  West  Vir- 
ginia, where  these  rocks  have  increased  in  thickness  so  largely,  we  find 
a  network  of  narrow  ridges,  generally  capped  with  the  Mahoning  sand- 
stone, from  which  the  surface  falls  away  at  an  angle  of  25^  to  40^  to 
the  beds  of  the  streams,  1,000  or  more  feet  below,  thus  practically  con- 
fining the  arable  land  to  the  narrow  valleys,  which  are  frequently 
trenched  into  the  top  members  of  the  next  underlying  of  Pottsville 
series  of  rocks. 

It  was  formerly  supposed  that  this  series  held  valuable  coal  only  in 
a  broad  belt  around  the  margins  of  the  coal  field,  and  that  in  the  cen- 
ter of  the  Appalachian  basin,  where  these  beds  are  buried  under  1,500 
to  2,000  feet  of  superincumbent  strata,  they  contained  no  coals  thick 
enough  to  mine;  but  the  recent  drilling  of  many  oil  and  gas  wells  over 
the  central  portion  of  the  field  has  proved  the  supposition  to  be  un- 
founded, for  the  drill  has  many  times  penetrated  thick  beds  of  coal  in 
this  series  at  localities  where  they  underlie  the  surface  by  an  interval 
of  more  than  1,500  feet.  Hence,  aside  from  local  irregularities  always 
to  be  found  in  any  coal  field,  there  is  no  reason  for  believing  that  the 
Lower  Coal  Measures  do  not  contain  one  or  more  good  coal  beds  under 
nearly  every  portion  of  the  Appalachian  field,  and  where  it  would  seem 
to  be  otherwise  the  inference  has  been  founded  largely  on  defective 
records  of  borings,  in  which  no  attention  was  given  to  the  character  of 
the  beds  encountered  unless  they  proved  to  be  "  sands."  But  while  it 
is  true  that  recent  drilling  has  shown  valuable  coal  in  this  series  along 
the  central  portion  of  the  trough  where  it  was  formerly  supposed  to  be 
absent,  yet  it  is  true  as  a  general  law  that  the  coal  beds  of  this  series 
are  thicker  and  better  and  more  nnmerous  around  the  margins  of  the 
Appalachian  field  than  toward  the  center.    This  is  illustrated  by  the 
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distribation  of  the  Olarion  and  Brookville  beds,  which  are  valuable 
ouly  around  the  margin  of  the  coal  area. 

Owing  to  the  geological  position  of  the  Lower  Coal  MeasoreSy  their 
beds  have  a  much  wider  spread  and  are  accessible  over  a  larger  area 
than  those  in  the  Upper  Goal  Measures,  so  that  when  in  the  distant 
future  the  upper  coals  and  the  easily  accessible  areas  of  the  lower  ones 
shall  have  been  exhausted,  there  will  still  remain  far  down  in  the 
trough  of  the  Appalachian  field  a  great  wealth  of  fuel  which  can  be 
obtained  by  deep  shafting.  It  is  true  that  at  many  localities  disclosed 
by  the  drill  only  one  good  bed  of  coal  has  been  found  in  this  series 
where  it  lies  so  deep  beneath  the  surface,  but  that  is  also  true  of  the 
surface  outcrops,  and  many  places  can  be  found  where  not  even  one 
good  coal  bed  occurs  in  the  surface  section,  and  many  others  where 
tw9  are  the  exception. 

The  main  strata  of  this  series,  which  have  beeu  recognized  and  traced 
over  a  wide  area  in  the  three  States  with  which  this  report  deals,  have 
received  the  following  names  in  descending,  order : 


Upper  Freeport  coal. 
Upper  Freeport  limestone. 
Upper  Freeport  sandstone. 
Lower  Freeport  coal. 
Lower  Freeport  limestone. 
Lower  Freeport  sandstone. 
Upper  Kittauning  coal. 
Johnstown  (Cement)  limestone. 
Middle  Kittanning  coal. 


Lower  Kittanning  coal. 
Lower  Kittanning  fire  clay. 
Lower  Kittanning  sandstone. 
Babrstone  iron  ore. 
Ferriferous  limestone. 
Putnam  Hill  limestone. 
Clarion  coal. 
Brookville  coal. 


Other  beds  have  been  named  in  this  series  which  have  a  local  dis- 
tribution, but  those  given  above  are  the  main  ones  which  can  be  traced 
and  identified  over  wide  areas. 

Prof.  Orton,  director  of  the  Ohio  Geological  Survey,  has  shown  that 
all  of  the  main  beds  of  the  Pennsylvania  Lower  Coal  Measures  can  be 
followed  and  identified  entirely  across  the  Ohio  coal  field  to  where  they 
enter  Kentucky ;  and  the  writer  has  recently  shown  (The  Virginias,- 
1885)  that  they  also  stretch  unbroken  around  the  southeastern  margin 
of  the  Appalachian,  field,  from  the  Pennsylvania  line  down  through 
West  Virginia  to  the  Great  Kanawha,  and  on  across  the  Quyandotte 
to  the  Big  Sandy,  so  that  the  identifications  of  the  main  beds  of  coal, 
limestone,  and  sandstone  of  the  Lower  Goal  Measures  have  now  been 
carried  from  Pennsylvania  to  the  Kentucky  line,  on  both  sides  of  the 
Appalachian  field. 

As  illustrations  of  these  measures,  in  most  of  the  important  coal  re- 
gions of  the  area  in  question,  we  shall  now  present  a  number  of  vertical 
sections.  The  identifications  of  the  several  beds  in  these  sections  have 
been  made  with  all  the  care  and  light  at  present  attainable,  and  while 
it  is  not  claimed  that  they  are  final  in  all  cases  and  free  from  error,  yet 
they  express  the  best  efforts  of  the  writer,  and  it  is  confidently  believed 
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that  their  publication  will  serve  to  stimBlate  a  more  carefal  study  of 
the  general  stratigraphy  by  field  geologists  and  those  interested  in 
mining  enterprises,  so  that  finally  whatever  of  error  may  be  embodied 
in  these  identifications  will  be  discovered  and  eliminated*  It  is  certain 
that  the  first  effort  to  harmonize  the  stratigraphy  over  such  a  large 
area  will  be  somewhat  provisional,  and  hence  the  writer  not  only  ex- 
pects,  but  welcomes,  the  kindly  criticism  of  his  brother  geologists, 
knowing  that  all  will  be  pleased  when  the  true  order  and  succession  of 
these  beds  are  definitely  determined  in  the  several  important  regions 
of  the  Appalachian  field. 

In  some  cases,  like  that  at  Blossbnrg,  where  it  has  been  impossible 
to  identify  the  main  coal  beds  with  any  degree  of  certainty,  the  writer 
has  given  only  the  local  names  for  the  beds,  leaving  the  reader  to  draw 
his  own  conclusions  from  the  general  structure  of  the  section;  bat 
there  are  very  few  cases  where  some  one  of  the  sean^s  in  a  given  section 
can  not  be  reasonably  determined. 

We  shall  begin  these  illustrations  of  the  Lower  Goal  Measuies  at  the 
most  northern  point  of  the  Appalachian  Basin,  and  proceed  south- 
westward  through  the  field. 

Section  at  Blossburgj  Pennsylvania. — ^The  structure  of  the  Lower  Coal 
Measures  at  the  northern  end  of  the  Appalachian  basin  is  given  as 
follows  (Fig.  50)  for  the  Blossbnrg  region,  Tioga  County,  Pennsylvania, 
by  the  First  Geological  Survey  of  Pennsylvania,  Pinal  Beport,  VoL  11, 
page  520: 


«?}««■ 


7lo.  50.— Section  «t 
BloMborg,  Pa. 


[See  mftp,  B  w.J 

Ft  in, 
h  Coel.  "Book  vein" 

5.  GonceAlad 

8.  Coal,  ''Seymour" 

4.  Slate  and  sandstone 10 

6.  Conoealed 10 

C  Sftndstone,  pebbly,  irlth  thin  ooel  near  top — . . .    27    10 

7.  Coal.  "Dirty  veln'*^ - 

8.  Slate  and  sandstone 

0.  Coal f 

10.  Fireclay , 

U.  Slate 

(Coal 8'    6" 

12.  Coal,  ''Bloss  vein*'.  <  Fire  oUy.S' 

(Coal V 

18,  ArgillaoeoQs  sandstone,  with  two  thin  ooals 

14.  Coal,  "BearCreek" , 

15.  SandstonOb 


Jlla. 

8     6 


47    10 


6") 
0">    .. 
0"> 


Total. 


3 

6 

30 

1 

6 

3 

20 

10 

6 

13 

6 

8 

8 

163    10 


The  <^  Bloss  vein  "  seems  to  be  identical  with  the  Lower  Kittanning 
bed  of  the  Alleghany  River,  while  the  "Rock  vein''  and  "Seymour" 
are  possibly  identical  with  the  Upper  and  Lower  Freeport  beds,  respect- 
ively. This  would  make  Nos.  7  and  9  the  Upper  and  Middle  Kittan- 
ning. 
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Section  at  Fall  Brooke  Pennsylvania. — At  Fall  Brook,  8  miles  north- 
east from  Blossborgy  and  the  most  northern  development  in  the  Appala- 
chian coal  field,  the  structure  of  the  Lower  Goal  Measures  is  ^ven  as 
follows  (Fig.  51)  by  Mr.  Franklin  Piatt,  in  Eeport  G,  pages  166, 169, 
Second  Geological  Survey  of  Pennsylvania : 

Fall  Brook,  Tioga  County,  Pennsylvania, 


[SeemftmBz.] 

FL   in, 

1.  C<Ml,**8eynimir*' 2    6 

2.  Rouj^li,  sajady  fire  olfty 2 

8.  Sandatone,  nuMaiTe,  pebbly .'. 50 

(Coal 1'  ■ 

4.  Coal < Sandstone,  thfai bedded... 

(Coal 

5.  Fireclay 

6.  Saadatooe < 

7.  Slate 

rCoal..  1'    8" 


1'  8"  ) 
8'  0«  > 
{y  7") 


5    8 

1    6 

10 


8.  Coal,  "Dirty  rein" 


Fio.  Sl.—Section 
at  Fall  Brook, 
Pa. 


Slate.  4'    0". 

Coal..!'    2''^ 7    6 

Slate.  C    8" 
Coal..  V  10'' 

0.  Rongh,  hard  Are  day 2 

10.  Gray  aliAlyrock 20 

11.  Fire  clay,  with  kidney  ore  at  bottom 2 

12.  SandatoDe,  light  icray ^ 

13.  Clav  elate : 6 

14.  Coal,  "Bloaa  rein" 4 

15.  Fire  clav,  pare , 3 

10.  Sandy  alatcaoineaandylavera 10 

17.  Coal  and  slate,  "Bear  Oreek" 1 

18.  Bandy  clay 4 

19.  Sandstone. 


Total 140 


Section  near  Karthau8y  Pennsylvania. ^Ahoxxt  65  miles  southwest  of 
Blossburg,  in  the  northeastern  corner  of  Clearfield  Oounty,  Penn- 
sylvania^ the  following  section  (Fig.  52)  of  the  Lower  Goal  Measures 
is  reported  from  the  vicinity  of  Earthaus,  by  H.  D.  Sogers,  in  the  First 
Geological  Survey  of  Pennsylvania : 

Karihaus,  Clearfield  County,  Penntylvania, 


Fio.  OaL— Section 
nearKarthaoa, 
Pa. 


L  Coal,  Upper  Freeport 

2.  Fireclay 

3.  Sandstone,  brown 

4.  Coal 

6.  Fireclay 

0.  Limestone,  ailioeona 

7.  Shale 

8.  Sandntone,  brown 

0.  Coal,  Lower  Freeport 

10.  Slate 

11.  Sandstone,  gray,  Freeport. 

12.  Coal,  Upper  Kittanning. . . 
18.  Shale,  containing  iron  ore. 
14  Coal, Middle  Kittanning.. 
16.  Sandstone  and  alate 


[See  map,  E  t] 


10.  Coal,  Lower  Kittanning 


Fireclay 

Sandstone,  brown...... ...... ... 

Coa),  Clarion 

Fire  clay,  fermginona 

Shalee,  containing  iron  ore  band 

Shales  and  slates 

CoaL  Brookrille. 


r 1'  0") 

> 0'  8">  . 

2*  0") 


fCoalr 1' 

<  Slate 
(Coal 


»*•••••« 


p • •• « • a  a 


17. 

la 

19. 
20. 
21. 
22. 
3& 
24.  K0.XII  Conglomerate. 

Total ^ Mft 


J^  t 

in. 

0 

2 

« 

40 

0 

10 

2 

8 

6 

1 

28 

8 

1 

0 

37 

8 

2 

11 

1 

21 

8 

0 

2 

0 

38 

1 

« 

a 

11 

d 

22 

1 

gm^ 
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Section  in  HorUm  Toton%hip^  Elk  County^  Pennsylvcmia. — Horton  Town- 
ship, Elk  County,  Pennsylvania,  lies  on  the  borders  of  Clearfield  and 

Jefferson  Connties,  30  miles  west  from  Karthans  and 
abont  80  miles  distant  west-southwest  from  the  Bloss- 
burg  region.  In  this  township  Mr.  G.  A.  Ashburner 
finds  the  following  section  (Fig.  53)  for  the  Lower  Coal 
Measures,  Beport  BB,  page  227 : 


Horton  Township,  Elk  County ^  Pennsylvania. 

(See  map,  Dq.] 


:*zc: 


.vv. 


I  ■f'm»ilUl!!,il.'l 


(Coal 3 

1.  Coal,  Upper  Freeport <  Fire  clay  and  ahale. . .  l(y 

(Coal 3 

2.  Fireclay  and  aandttone 

8.  Llmettone,  Upper  Freei>ort 

i.  Slaty  aandatone 

6.  Coal,  Middle  Freeport 

8.  Soft  gray  alatea 

iCannel 2' 
Slate IV 
Coal 3 

8.  Sandstone 


■■\ 


■I 


9.  Limestone.  Lower  Freeport 

10.  Flagjrv  aandMone  and  alatea 

IL  Coal,  Uppf  r  Kittanning , 

12.  Fire  clay  and  slate 

13.  Limestone,  Johnstown  Cement :... 

14.  Concealed 

15.  Coal.  Middle  Kittanning 

Id  Black  slate 

17.  Coal,  Lower  Kittanning 

18.  Shale  and  sandstone,  occasional  coal  streak 

19.  Limestone.  Ferriferous 

20.  Shale  and  slate 

21.  CoiO,  Clarion 

22.  Maasive  sandstone,  top  of  XXL 


Fett 

16 

6 
«» 

3S 

:i 
25 

21 

6 

i 
10 

3 
10 

5 
20 

'4 
40 

3 
40 

7 
35 

3 


Total. 


327 


Fio.  03.— Section  in 
Elk  County,  Pa. 

Section  near  Brookwayvillej  Pennsylvania, — Snyder  Township,  Jeffer- 
son County,  adjoins  Horton,  and  there,  near  Brock  way  ville,  Mr.  Win. 
nj.         G.  Piatt  reports  the  following  structure  (Fig.  54)  for  the 
^       Lower  Coal  Measures,  Beport  H*,  pages  186, 187: 

Brockwayville,  Jefferson  Couniyy  Pennsylvania, 

[See  nmp,  D  q.] 

rt.  in. 

1.  Coalf  Upper  Freeport 3 

2.  Clay,  impure 3 

3.  Limestone,  Upper  Freeport .S 

4.  Concealed 24 

5.  Sandntone.  thin-bedded 5 

6.  Shales  ana  slates 6 

7.  Coal,  Lower  Freeport 3      6 

8.  Clay,  impure h 

9.  Limestone,  Lower  Freeport 2      ^ 

10.  Concealed 18 

12.  Sandstone 15 

13.  Slates 5 

14.  Coal,  Upper  Kittanning 3      6 

3  6.  Clay  shales -. 12 

16.  Limestone,  Johnstown  Cement 2 

17.  Concealed,  shales  (f) 40 

18.  Coal,  Middle  Kittanning 2 

19.  Concealed,  sandstone  at  baae 45 

20.  Coal,  Lower  Kittanning 2      6 

21.  Shales 85 

22.  Iron  ore,  Buhrstone 0 

23.  Limestone,  Ferriferous 5 

24.  tjaudstone  and  shales 20 

26.  Concealed , 15 

26.  Coal,  Clarion 3 

27.  Shales 10 

28.  Sandstone,  maaaive,  top  of  XIL 


Fl6-  54. — Sectfcn 
near  Brockway- 
ville, Pa. 


Total 290 
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Section  in  Clarion  County^  PmnstflvtiHia. — Clarion  County  lies  next 
west  from  Jefferson,  and  Mr.  H.  Marty n  Chance  gives  in  Report  V  V, 

page  32,  Second  Geological  Survey  of  Pennsylvania,  the 
Ibllowing  as  the  general  structure  of  the  Lower  Coal 
Measures  in  that  county  (Fig.  55) : 


€rr^^^^y 


"Wlv" 


r •  iji  »  •  •  »  •■» 


hfrr.- 


F*  •••*••  ••. 


1. 

2. 
3. 
i. 
6. 
0. 
7. 
& 
0. 
10. 

11. 

12. 
18. 
14. 
16. 
18. 
17. 
1& 
10. 

ao. 

21. 
22. 
23. 


Clarion  County,  Pennsylvania. 

[See  map,  Bo.] 

Coal,  TTpper  Freeport /. 

Plrtjolay. 

Limeacone,  Upper  Fraeport 

Shalo.  with  ore ^. 

SaodBtone <..» 

Shale 


Coal,  Lower  Freeport 

Fireclay 

Limestone,  Lower  Freeport. 

Sandstone  and  shales 

Shale 


Coal,  Upper  EittanninK 

Fire  clay  or  shale 

Limestone,  Johnstown  Cement  bed 

Shaly  meaMures 

Coal,  Middle  Kittanniag 

Fireclay. 


Shale  and  sandstone 

CoaL  Lower  KitranninjE 

Sandstone  and  shale,  with  orci. 

Ore,  Bahrstone 

Limestone,  Ferriferous 

Shale 


34.  Clarion  coal. 


mi 


FiQ.  56.— Section 
fn  Clarion  Co.. 
Pa. 


26.  Fireclay 

26.  " 

27. 

28. 

20. 


(Coal 2 

<Slatv  shale 25 

(Coal 3 


iS 


Shale  and  sandstone. ... 

Coal,  Brookville 

Fireclay , 

Massive  sandstone,  XIL 


Ft. 

4 

5 

3 

8 

25 

4 

6 

2 

3 

75 

10 

2 

8 

2 

40 
o 

2 
30 

4 
25 

1 

8 


30 


27 
2 
3 


Total 335 
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Section  at  MiHer^sJEddy^  Clarion  County^  Pennsylvania, — 
■'•'^The  following  section  (Fig.  56),  made  by  Mr.  John  Hag- 
gerty,  M.  E.,  of  Brady's  Bend,  Pennsylvania,  represents 
the  Lower  Coal  Measure  structure  at  Miller's  Eddy,  near 
the  mouth  of  the  Clarion  River  (V  V,  p.  123) : 

Miller's  Eddy^  Clarion  County^  Pennsylvania, 


Fio.  56.— Section 
atMUier'sEddy, 
.Pa. 


[See  map,  E  n.] 

Ft  in. 

1.  Coal,  Upper  Freeport 8 

2.  Interval 28     3 

8.  Iron  ore 2 

i.  Concealed  and  slate 103 

5.  Coal,  Upper  Kittannlng 1 

6.  Interval 20 

7.  Sandstone 30 

8.  Interval 16 

0.  Coal,  Lower  Kittanning 3 

10.  Interval 10 

11.  Sandstone : 10 

12.  Limestone,  Ferriferous 0 

18.  Shales .' 6 

li.  Sandstone 28 

15.  Coal,  Clarion 2 

16.  Blueshales 20 

17.  Sandstone,  massive. 


6 


6 
6 

10 
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Section,  at  East  Brady ^  Olarion  County ,  Pennsylvania, — ^Mr.  Haggerty 
aUK>  leveled  another  section  of  these  measnres  at  East  Brady,  in  the 

soath western  comer  of  Olarion  Goanty,  which  is  fi^iven  as 
follows  (Fig.  67)  in  Report  VV,  p.  77 : 

JEoit  Brady f  Clarion  Ckmn^,  PeMuylwinUi. 

,        tSeemap^FiL] 

FLin. 

1.  Goal  Upper  Fxveport —..      2 

2.  Concealed  and  aandstoxie 108 

8.  Coal,  Upper  Kittuming...... .• 1     5 

i.  Sandstone • 

5.  Interval S7  6 

6.  Coal,  Lower  Kittannlng..' 3  6 

7.  Shale,  with  aandtttone • 40  6 

8.  Limeatone,  Ferriferona • 10 

9.  Interval .^ 22  2 

10.  Coal,  Clarion - 2     2 

11.  Sandstone 22 

12.  Coal,  thin,  Brookville. 

13.  Sandstone,  No.  XIL 


Fio.  57.— Section 
at  East  Brady, 
Pa. 


Total..... -...  27» 


V.V.' 


4tr 
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Section  near  yew  Bethlehem^  Pennsylvania^ — Mr.  Chance  gives  the 
following  (Fig.  58)  as  the  structure  of  the  Lower  Goal  Measures  in  the 

vicinity  of  New  Bethlehem,  on  the  Red  Bank  Biver,  in 
southeastern  Clarion  County,  V V,  p.  88 : 


Near  New  Bethlehem,  Clarion  Countif,  Penntylvania. 

(See  map,  F  o.] 

Ft 

L  Coal,  Upper  Freeport 5 

2.  Fireclay 3 

3.  Sandy  shale  and  sandstone 42 

4.  Coal,  Lower  Freeport 7 

6.  Fireday 3 

0.  Concealed,  sandstone,  and  shale 8S 

7.  Coal,  Upper  Kittanning 3 

8.  Fireclay 4 

9.  Shale 43 

10.  Coal,  Middle  Kittannlng(f) 2 

11.  Fireclay 3 

12.  Concealed 60 

13.  Ore,  Bnhrstone 1 

14.  Limestone,  Ferriferons 4 

15.  Concealed 60 

le.  Sandstone,  top  of  XII. 


Fio.  58.— Section 
near  New  Beth- 
lehem, Pa. 


Total. 


^ 
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Section  in  Brady  Totonship^  Butler  Oawnty^  Pennsylvania:-^lxi  the 
northwestern  portion  pf  Butler  County  (Brady  Township),  Mr.  Chance 

gives,  in  Report  V,  the  following  section  (Fig.  59)  for 
the  Lower  Coal  Measures  down  to  and  including  the 
Ferriferous  limestone,  and  the  portion  below  that  is 
added  from  an  exposure  in  an  adjoining  township: 


i-i  I  innu,-  !,if?i 


«i^^lfl 


s>; 


s^-Fft  ??-.-==-7V! 


Kv7(-;tr;&3r7 


i^^*»Trf*r: 


;-y^ 


w 


^\ 


45 


15 
4" 


$S* 


•0' 


Brady  Township y  Butler  County, 
'     [Soe  map,  F 1.]    ' 


Ft. 


i^ 


5S' 


.1 


45 
15 


L  Coal,  tTpper  Freeport 

2.  Fire  day 

8.  Shale  And  sandstone 

4.  Coalf  Lower  Freeport , 

6.  ConGcaled,  and  maasive  sandstone 

&  MaBsiye  aandstone 

7.  Coa],  Upper  Kittanning 

8.  Concealed,  and  shale 

9.  Coal,  Middle  Kittanning  (?) 

10.  Concealed 10 

11.  Iron  ore ^ thin 

12.  Concealed 55] 

13.  Limestone,  Ferriferous 

14.  Goal,  Scraberass 

15.  Shalea 

10.  Coal,  Brookville 


I 


60' 


Total 


Ft  in. 
2      0 

60 

2 

60 

3 

65 

3 

65 

15 

1 
60 

2 

1^      6 


2' 


Section  near  Ore  Hill  Furnace,  Armstrong  County j 
Fio.  so.-sectiwi  In  But-  Pennsylvania. — In  the  vicinity  of  Ore  Hill  Furnace, 
ler  County,  Pa.       Armstrong  County,  Pennsylvania,  3  miles  below  the 

mouth  of  the  Mahoning  Biver,  the  writer  found  the  fol- 
lowing succession '(Fig.  60) : 

Ore  Hill  Fumacef  Arm$irong  County^  Pennsylvania, 


Fig.  60.— Section  near  ig. 
Ore   Hill  Fnmaoe* 
Armstrong  Countyi 
Pa. 


[See  map,  Go.] 

Cod,  Upper  Freeport 

Fire  clay  with  iron  ore 

TYt^ffy  sandstone  and  shales 

Bituminous  shales 

Coal,  blossom.  Lower  Freeport 

Fire  olay  and  limestones.  Lower  Freefiort 

Flaggy  sandstone  and  dark  shales 

Limestone,  gray,  Johnstown  Cement 

Concealed  and^sandstone 

Coal,  Middle  Klttanning 

Fire  clay 

Sandy  shale 

(Coal V    0" 

Coal,  Lower  Kittanning  <  Sh ale 4'    0' 

(Caal O'    6' 

Firecl»y 

Shales,  brown,  sandy 

Iron  ore,  Buhrstone 

Limestone,  Ferriferous 

Concealed   and    shales  to  top  of  Ko.  XII  saudattme  in  Al* 
leghany  Biver 


Ft 

8 
20 

30 


V'S 


Ft  in. 
2      6 

83 


35 

1 

60 
2 
5 
2 


6 


5 
20 


;S 


26 

10 
75 


Total 


247 


This  section  exhibits  a  rapid  thinning  away  of  the  whole  column, 
but  principally  in  that  part  of  it  between  the  Upper  Freeport  and  the 
Upper  Kittanning  coals. 
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Section  near  CentervillCy  Penn^i/lvania.'^TfiYe  rniles  northeast  from  Ore 
Hill  Farnace,  the  following  saccession  (Fig.  61)  .is  reported  fix>m  the 

vicinity  of  CentervlUe  by  Mr.  Wm.  G.  Piatt,  in  Beport 
H^,  Second  Geological  Survey  of  Pennsylvania,  pages 


163, 164. 


CentervUht  Armstrong  County,  Pennsylvania, 

[See  map,  G  o.J 


1 .  Coal,  Upper  Fre<»port - , 

2.  Clay  ahales.  with  iron  ore 

3.  Lime^tODe,  Freeport 

4.  Concealed 

5.  CoaL  Lower  Freeport 

&  Concealed     

7.  Iron  ore,  siliceous 

8.  Sandatone 

9.  CoaI,b1o8Bom 

10.  Concealed 

11.  Coal,  Upper  Kittanning 

12.  Concealed 

A5*         18.  Coal.  M iddle  Kittanuinx 

li.  Concealed 

IR.  Iron  ore,  BiihrHtone 

16.  LiuiestoDe,  Feniferoas t . 

17.  Concealed , 

18.  Can ti el  slate  (Clarion  cool) 

19.  Concealed , 

20.  Black  Hlate  (Brookville  coal). 

21.  Top  of  No.  XII  conglomerate. 


J^. 


15  > 
22  1 
15  > 


Ft 

in. 

3 

iu 

35 

3 

6 

37 

46 

1 

27 

1 

6 

65 

0 

4 

8 

30 

40 

Total: 


288     2 


Section  at  Putneyville^  Pennsylvania. — Five  miles  east 
^if^ar  ci^iu^    of  Centerville  is  the  village  of  Patneyville,  and  from 
^^  this  vicinity  Mr.  Wm.  G.  Piatt  reports  the  following 


section  (Fig.  62)  of  the  series  H*,  p.  160 : 


ttST 


Fio.  62.— Section  mt 
Putney  ville,  Pa. 


Putney vilUf  Armstrong  County j  Pennsylvania. 

[See  map,  Go.] 

Ft 

1.  Coal.  Upper  Freeport 

2.  Fire  clay  and  clay  shalea  12 

3.  LimesUtne,  Upper  Freeport 5 

4.  Concealed • 10 

6.CIay8late8 15 

6.  Coal,  Lower  Freeport '. 

7.  Slate 1 

8.  Iron  ore 0 

9.  Limeat  ne,  Lower  Freeport 2 

10.  Concealed 30 

11.  SandHtone 20 

12.  Coal,  blosHom,  Upper  Kittanninc 

13.  Limestone,  Johnstown  Cement  bed 

14.  Clay 8 

15.  BandHtone,  friable 15 

16.  Concealed 40 

17.  Coal,  Middle  Kittanning 

18.  Concealed 30 

19.  Slat ea,  witb  Miudatone  layers 20 

20.  Coal,  Lower  Kittanning 

21.  Fire  clay,  impure 6 

22.  Shales 20 

23.  Iron  ore,  Biihratone 0 

24.  Limestone.Fcrriferoua 

25.  Sandstone,  flagi^y 

26.  Black  slates 

27.  Cannel  slate  (Clarion  coal) 

28.  Concealed  

20.  Brookville  coal. 

30.  Top  of  No.  XU,  conglomerate. 

Total 


Mi. 


} 


6 


I 
] 


Ft  in. 
4      C 

42 

8 

63      9 


58 

1 

60 

2 

26 

8 
5 

15 
1 

40 


8 


314      3 
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Section  near  Kittarming^  Penrisylvania. — ^In  the  vicinity  of  Eittan- 
ning,  Pennsylvania;  the  saccession  of  the  Lower  Goal  Measures  i3  as 
follows  (Fig.  63) : 

VMnitjf  of  Kittannifig,  Penn9ylvania, 


AO' 


Mi 


Ad 


5tf 


Imi 


21' 


[See  map,  O  n.] ' 

Ft.  in. 

1.  CoftI,  Upper  Freeport 

2.  Shales,  and  concealed 

8.  Coal,  Lover  Freeport 

4.  Concealed,  and  massive  sandstone 35 

5.  Shales  and  sandstone 40 

6.  Coal,  slate  in  center,  Middle  Klttannini; 

7.  Fireclay 4 

S.  Sandy  shales 8 

9.  Fireclay 3 

10.  Flaggy  sandstone : 17 

11.  Shales,  dark,  sandy,  with  iron  ore 40 

fCoal 1'    W) 

I  Slate 0'      L"| 

12.  Coal,LowerKittanning..^(;ool 0'      8"^ 

1  Bone 0'     1"! 

ICoal W      6"J 

13.  Fireclay 5 

li.  Saor.stone  and  sandy  shales 40 

15.  Shales,  with  iron  ore 5 

16.  Iron  ore,  Bahrstone 0 

17.  Limestone,  Ferriferous 11 

18.  Sandy  shales 15 

1».  Coal 

20.  Sandy  shales  and  sandstone 

21.  Coal,  Clarion 


FL  in. 

4 

35 
2 


1 


75 
1 


6 


V       71 


} 


6 
6 


22. 


Concealed,  to  top  of  No.  XII  Ranrlstone 


50 


27 

0 
21 

1 
26 


Fio.  63.~Section  near 
Kittanning,  Pa. 


Total 


315 


Section  6  miles  south  of  Kittanning^  Pennsylvania, — About  5  miles 
south  of  Kittanning  and  1  mile  below  the  mouth  of  Crooked  Creek  a 
very  important  exposure  may  be  seen  on  the  left  bluff  of  the  Allegheny 
Eiver,  since  it  gives  in  a  clear  manner  the  relations  of  the  upper  mem* 
bers  of  the  Lower  Coal  Measures.  The  section  there  (Fig.  64)  was 
carefully  leveled  by  the  writer,  and  reads  as  follows : 


Five  miles  helotv  Eitianning, 

|S»-e  map,  G  u.] 
1.  Conl,  Upper  Freeport,  hloMom 


PL  in.      Ft.  in. 


9.  Coal,  Lower  Freeport. 


2") 

A"} 
8") 


Fxft.  64. —  Section 
sonth  of  Kittan- 
ning, Pa. 


2.  Fireclay 2     6 

8.  SuudfltoDo 2      6 

4.  Fireclay  and  shales 5 

5.  Concealed - 6 

6.  Limcstoiu),  Upper  Freeport 10 

7.  ConceiiU'd 35 

8.  Shales,  bluish 20 

iCou]   ....   0'     * 

^Slalo 1' 

(Coal 1' 

10.  Fire  clay  and  shales 10 

11.  Sandstone,  mnHsive,  pehbly.  Frecjuirt 45 

12.  Coal.  Upper  Kittannin;; 

13.  Shalrts*.  daik 

14.  Coal,  niate  in  center.  Middle  Kittanning 

15.  Unji-stone,  sandy 

16.  Fireclay 

17.  Sandstone,  flaggy 

IS.  Fireclay 

19.  Sandstone,  flaggy 

20.  Shales,  dark ^ 

Total  •. 


S    80 


3 

M 

0 
20 
1 
1 
8 
3 
6 
8 
10 


6 

6 

6 


■--'■■*  -■*" 
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Section  at  Loganaparty  Pennsylvania. — The  last  section  gets  its  special 
significance  when  compared  with  another  one,  obtained  2  miles  below, 
on  the  right  bank  of  the  Alleghany  River,  and  opposite  the  town  of 
Logansport.    The  section  there  (Fig.  65)  gives  the  following  strnctare: 

Logantportf  Armstrong  County^  Pennsylvania* 


[See  map,  Qn.] 


Fl 


1.  Cofti,  Upper  Freeport. 

2.  Fireclay 


Ft  ta. 

3 


'Impure  limeetone f 

,  Liuiy  shaloH 4* 

Limeetoue,  good 1' 

3.  LlmeetoDO,  Upper  Freeport <  Shalen 1 


I  Limentone,  ' '  glassy  layer  " 2f 

.  Limy  8linle8 2' 

(.Limestone,  jEOod S'. 


>^^^y-••-'•• 


4.  Shales  and  fireclay 

(Coat  .-•. 

6.  Coal,  Lower  Freeport {  Fire  clay,  impure. 

(Coal 


14 


10 


28 


2*    0") 
2'    4"> 

4'    8") 


6.  Concealed 

7.  Very  mas^ve,  grayish  white,  pebbly  sandstone,  Freeport 

8.  Coal,  Upper  Kittanniug 

9.  Dark  gray  shales 

tCoal 

10.  Coal,  Middle  Kittanning.  \  Slate 

<Coal 


11 
70 


I 


81 

0 
20 


8 


(y  8") 


1      4 


3i' 


20^ 


11.  Fireclay 

12.  tiimestone 

13.  Fli«  clay,  with  limestone  nodules  in  top . 

14.  sandstone,  shaly 

16.  Concealed  (shales) 

16.  Blue  shales 

Coal 


1 
1 
8 
7 
15 
20 


}     52 


aoT 


17.  Coal,  Lower  Kittanning . 


1' 

C 

jSl.ito 0' 

(Coal 1' 


rCnal 

Slate, 
•[  Coal  , 


1") 
1" 
1" 
1" 
2"  J 


?•- 


18.  Concealed  to  river  level 

19.  To  base  of  Lower  Coal  Measures,  about 


3     6 

20 
80 


Fig.  65.— Section  at  Lo- 
gansport, Pa. 


Total 298     6 


Here  we  find  a  ferruginous  limestone  making  its  appearance  under 
what  the  section  shows  to  be  the  Middle  Kittanning  coal,  and  it  is  pos- 
sible that  this  same  bed  may  have  occasionally  been  identified  with 
the  Johnstown  Cement  limestone;  in  this  portion  of  Pennsylvania, 
which  would  be  erroneous,  since  that  bed  belongs  under  the  little  coal, 
No.  8  of  the  section,  while  the  Johnstown  Cement  bed,  as  correlated  by 
Messrs.  Piatt  and  others,  comes  just  under  the  Upper  Kittanning  coal. 

The  section  also  exhibits  the  great  variations  that  may  take  place 
in  the  thickness  of  the  intervals  between  important  coal  beds,  that 
between  the  two  Freeports  being  here  reduced  to  only  28  feet. 
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Section  at  Freeporty  Pennsylva/nia. — Preeport,  on  the  Alleghany  River, 
at  the  soathem  point  of  Armstrong  Oonnty  and  7  miles  southwest  of 
Logansport,  is  a  classic  locality  for  the  upper  portion  of  the  Lower  Goal 
Measures,  and  the  following  section  (Fig.  66),  taken  there,  is  given 
for  the  purpose  of  illustrating  the  relations  of  the  Upper  and  Lower 
Freeport  coals  at  this  typical  locality  : 

jPVeepor£,  Pennsjfhania, 


[See  mi^>,  6  n.] 


fCoal 2*  B") 

jSlate.iEray 0'  U"  ( 

1.  Coal,  Upper  Freoport  <  Ooal 0'  f»V' > 

I  Slate,  (lark  grtky (K  ui"  ) 

i  Coal,  snlpburoaa V  6  ") 

%  Fir«olaj 


Ft  in. 


Ft.  in, 

3    9i 


8.  Limeatonp,  Upper  Freeport 3 

i.  Sandy  shales 20 

&  Coal.  Middle  Freeport 2 

&  Sandy  shales  and  sandstone 30 

fCannel  slate...  V    Q" 


6 
6 


•  •••••« • »  • •  »  « 


• «?•' 

•i*«at 


'>'.'<■■■'  ■  ^' 


efiT 


66 


I  Slaty  coal 4'    C" 


4S 


64-' 


Fio.    66.— Section  at 
Freeport,  Pa. 


7.  Coal,  Lower  Froeport  {  Firo   clay  with 

]     limestone 2*    6" 

(Slaty  coal 2*    6" 

&  Fire  clay  and  shales 2 

9.  Sandstone,  massive 45 

10.  Coaly  slate,  Upper  Rittanninj; 0^ 

U.  Sandstone, /sray,  ma-SAlve 15 

12.  Coal,  Middle  Kittanning 

13.  Fire  clay,  with  limestoucnodules  in  upper  half.. 


14 


Total 


64 

1    6 
6 

1&6    3i 


This  section  shows  that  there  is  a  third  Freeport  coal,  coming  nearly 
midway  between  the  upper  and  lower  ones,  at  this,  their  typical 
locality,  a  fact  that  has  been  frequently  overlooked  by  geologists,  and 
that  has  led  to  error  in  identifications.    This  Middle  Freeport  coal,  as 

I  have  termed  it,  is  not  persistent;  but  the  fact  that  there  is  such  a 
bed  in  the  series  occasionally  should  lead  to  careful  scrutiny  of  this 
portion  of  the  column  of  rocks  before  positive  identification  of  the 
Lower  Freeport  coal. 

This  latter  bed,  No.  7,  also  has  elements  of  possible  confusion  in  its 
structure  here  at  its  type  locality,  since,  as  may  be  seen  from  the  sec- 
tion, it  is  a  double  bed,  made  so  by  2 J  feet  of  fire  clay,  in  which  a  nod- 
ular limestone  occurs.  It  is  possible  that  these  pairing  rocks  may 
expand  to  several  feet  in  some  regions,  and  thus  give  two  Lower 
Freeport  coals,  as  indeed  they  are  known  to  do. 

I  have  included  No.  11  as  a  part  of  the  Freeport  sandstone,  since  at 
one  locality  the  coal  bed  No.  10  thins  out  entirely  and  lets  Nos.  9  and 

II  unite  into  one  solid  sandstone ;  but  it  is  possible  that  No.  9  alone 
should  be  included  under  the  name  Freeport  sandstone,  as  originally 
intended  by  Rogers. 


112 


THE   NORTHERN   BITOMINOUS   COAL   FIELD. 


[DDLL.6S. 


■irPi)nt"4><^<>(r  I 


Section  near  inouth  of  Beaver  River j  Pennsylvania, —In  the  n^giou 

about  the  moath  of  the  Beaver  River,  the  Lower  Coal 
Measures  thicken  up  to  a  considerable  extent,  through 
the  local  expansion  of  some  members,  as  shown  by 
the  following  (Fig.  67)  section  of  the  structure  there: 

Near  mouth  of  Beaver  Bivefj  Bearer  Count^f  Pennsylvania^ 


■J^rj;E"lxiE  l'  I 


MPfrfrrVr^^^VVi 


V»  *  %t  4  •  •  •  •  •J 

'•<«••  »,%  •  •  «  t^ 

•  ••(•*••  *  •  •  ' 

•  *««•«#«*«•% 

♦V%V»V..VVA> 


a&' 


«i' 


wf 


[See  m»p,  G  k.] 


•  •••■  «  •■•• 


•  •  •  • 

•  •  •  fe  - 
•  k  •  *.  • 


g^^Zr^MT 


«/ 


I  •   •••«•• 


ttf 


1 1 1  •..*■'  *« '  «^ 


1.  Coal,  Gpper  Freeport 

2.  Fire olay 

3.  Limefltone, Upper  Freeport ... 

4.  Shales,  sandy 

ft.  Coal,  Lower  Freeport 

e.  Shales,  MDdy 

7.  SandstODe.  mRAsive,  Freeport . 

&  Coal,  Middle  Kittanning 

9.  Fireclay 

10.  SLales.  sandy,  dark 

U.  Coal,  Lower  Klttanninfif 

12.  FireoUy 

LI.  Sandstone,  flaggy  and  massive. 

14.  Shales,  sandy *. 

15.  Limestone.  Ff>nriferons 

10.  Blaok  fossillferous  shales 

17.  Fireclay 

18.  Sandy  shales 

19.  Fire  clay,  nnu-plastic 

20.  Sandstoue,  lltiggy 

21.  ShaleM,  sandy 

22.  Coal,  Brookville 

28.  Fireclay 

24.  Massive  sandstone,  No.  XIL 


l«*««»«4 


Ft. 

It  ta. 

8 

55  $ 

«1 

1 

?i^ 

87 

1 

&\ 

41 

2     0 

30  S 

80 

B 

12  1 

8 

3    ^ 
23 
26 

61 

0      6 

4 

Toud 


36» 


Fm.  67.— Section  near 
month  of  BeftYer 
•  Kiyer.Pa. 


Section  at  Sewickley^  Pennsylvania, — At  Sewickley, 
Alleghany  County,  Pennsylvania,  a  test  hole  for  coal 
was  bored  by  Mr.  Cochran  Fleming,  through  whose 
courtesy  the  writer  had  the  opportunity  of  measuring 
the  carefully  preserved  cores  from  the  diamond  drill,  which  gave  this 

structure  (Fig.  68)  for  the  rocks  of  the  Lower  Coal 

Measures  there : 

Seufickleyf  Alleghany  County ,  Pennsylvania. 
[See  map,  HI.] 


44Vir 


FL  in. 


1.  Goal,  Upper  Freeport 

2.  Fii-eclay  15 

8.  ShaleiA.  lilue,  sandy 9 

4.  Samlstouo .' 0 

5.  Firt?cl;vv :\ 

6.  Saiid-Htone I 

7.  Shalbs 1« 

9.  Coftl,  slaty,  Lower  Freeport 

10.  Fire  clay,  good 1 

11.  Fire  clay,  sandy    8 


12.  Gray,  mlcaoeoas  sandstone  >  jT. 

(S« 


in  thin  layers  Freeport' 


39 


SandvHtone.lC 
Coal 
Sandstone..  23 

18.  Coal,  Upper  Kittanning 

14.  Sandstone 16 

16b  t  ire  day  (Middle  Kittanning  conl  horizon) 8 

16b  Shales,  dark,  InterstratifitMl  with  lire  claT  48 

iCoal 1 
Slate 
Coal. 

18.  Fire  clay,  good 

19.  Shales.  Dine 


ij'V.'.V. 
.r'  4") 

.0*    1"  > 
.0'    9") 


6 

0 

10 

3 
6 
0  , 

n 

6i( 


6 


FL  in. 
2 


>■      52     4 


44    fii 


0 
73 


n 


Fifi.  68.— Sfiction  at  Se- 
wickley, Pa. 


9a  Interval  to  top  of  Ko.  X1T,  estimated 
Total. 


IC 
75 


10 


275     8 
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Sectioii  at  WasMngtoUj  Pennstflvania. — At  Washiugtoo^  Pennsylvania, 
the  top  of  this  series  is  1,000  feet  below  the  sorfaoe,  and  Prof.  Linton, 

of  Washington  and  Jefferson  College,  gives  the  follow- 
ing (Fig.  69)  as  the  stracture  of  its  rocks  according 
to  the  record  of  the  Thayer  oil  well,  the  drillings  from 
which  he  very  carefully  studied  (Geological  Survey  of 
Pennsylvania,  1886,  pp.  764, 765) : 

Under  Washington,  Pennsylvania^ 
[See  map,  J  k.] 


1.  Upper  Freeport  coal— Abeent 

2.  Dark  shale  with  Umeatone  at  bottom,  Upper  Freeport. 

3«  Sandstone, dark 

4.  Sandstone,  white 

fi.  Sandstone,  dark,  with  limestone 

6.  Sandstone,  hard 

7.  Shale,  dark 

8.  Shale,  variegated  with  dark  lime 

9l  Limestone,  Johnstown  Cement  ••su^ht     S'l 

10.  Shale,  dark,  slaty ". 

11.  Shale  and  ooal.  Middle  Kittonning 

12.  Shale,  slate  and  shells 

13.  Sandstone,  grayish 

14.  Shale,  gray 

15.  Sandstone,  grayish,  shaly 


16.  Shale  and 
Total 


FL 

Ft. 

12^ 
36  > 
16  J 

64 

4 

19  ) 

28  > 

8) 

55 

11 

30 

6 

30  ) 

20  I 

H  > 

115 

29 

19  J 

285 


Fio  09.— Section  under 
Washington,  Pa. 

Here  there  is  only  one  coal  present  in  the  series  and  it  would 
appear  to  be  the  Middle  Kittanning. 

Section  near  Oarpenterh  Station^  Westmoreland  County^  Pennsylvania, — 
Near  the  main  line  of  the  Pennsylvania  Eailroad,  in  the  vicinity  of  Car- 
penter's Station,  Westmoreland  County,  Pennsylvania,  a 
well  was  drilled  for  gas  by  Mr.  E.  M.  Hukil),  who  thus 
J  (Fig.  70)  reports  the  structure  of  the  Lower  Coal  Meas- 
ures, as  published  in  Geological  Survey  of  Pennsylvania, 
1886,  p.  726: 


Near  Carpenter's  Stationf  Westmoreland  Countv,  Pennsylvania. 

[See  map,  I  n.] 


»••••  •••^' 


^27 


FL 


•3' 


L  Coal,  Upper  Freeport 

2.  Fireclay  (shales) 

3.  Coal,  Lower  Freeport 

4.  Fire  clay 

5.  Sandstone,  gray 

6.  Slate 

C  Sandfttooe,  hard .    6'  ) 

7.  Sandstone,  Freeport  ...I  Sandstoue,  Noft  .  44'  ^ 
}az'  (  Sandstone,  hard .   i;^'  > 

8.  Slate 

9.  Sandstone 

10.  Slate  and  shells 

n.  Slate,  black 

18.  Coal,  Clarion  or  Lower  Kittanuin^ 

10.  Fireclay 

20,  Shale  and  Aholls 

Fio.     70.— Section  21.  Sandstone,  top  of  XLL 
near  Carpenter's 
Station.Pa.  Total 

Bull.  65 8 


9 

30 

5 

63 

15 


27  J 


2 

65 

3 


107 


93 

7 

12 
16 


303 
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Section  binder  Murraysvillej  Penn8ylvania.~^At  Murraysville,  West- 
iDoreland  Ooanty,  Penasylvania,  in  the  celebrated  natural  gas  region, 
the  top  of  the  Lower  Coal  Measares  lies  60  to  75  feet  below  the  surface, 

and  the  straetore  of  the  series  is  thus  given  (Fig.  71) 
by  Mr.  Donbleday,  from  the  records  of  a  gas  well  on 
the  Remaley  farm,  Geological  Survey  of  Pennsylvania, 
1886,  p.  721 : 

Under  Murraysville,  Weitmoreland  County,  Pennsylvania. 


[S6«map,Iii.] 


1.  Coal,  Upper  Freeport. 


I I'} 

I A'y 


FL 


f  Coal V 

<  Slat4s 
(Coal. 


8.  Slate. 


8.  Coal,  slate  In  center. 

4.  Slate 

5.  Sandstone 


e.  Slate. 


50  1 

26 

20 


Fig.  71.— Section 
under  liarrayt' 
Tme,Pa. 


7.  Slate  and  Bhella.... 

8.  Maseive  sandstone,  top  of  XH. 


40  j 


> 


Ft. 

10 

77 
14 

135 


Total. 


23C 


Section  on  Beaver  JBun,  Westmoreland  County^  Pennsylvania. — About 
9  miles  northeast  of  Murraysville  a  well  was  drilled  on  Beaver  Bun, 
beginning  only  4  feet  below  the  level  of  the  Upper  Freeport  coal.  The 
record  (Fig.  72)  of  this  well,  as  given  by  Mr.  J.  A.  Mehaffey,  shows 
the  following  structure  there  (Pennsylvania  Geological  Survey,  1886, 
p.  728) : 


Beaver  Bun,  Westmoreland  County,  Pennsylvania. 


■  •  •  ■  •  •  •  ».••_• 
«  •••■••■• • • 
»•••••••"■■ 


Fta.  72.— Section  on 
Beaver  Bon,  Pa. 


[See  map,  H  n.J 

1.  Coal,  Upper  Freeport 

2.  Concealed 

3.  Black  slate 

4.  Limestone 

6.  Coal,  Lower  Freeport 

8.  Fireclay 

7.  Shell,  hard 

&  Shale,  soft 

0.  Slate,  black 

10.  Shale,  soft 

11.  Slate,  black 

12.  Coaly  slate,  Upper  Kittanning 

lo.  DaDQSTOnO  •■•«••••••••••••••••«•>••••••••.•- 

li.  Slate,  black 

16.  Sandstone,  gray 

1&  Slate,  black 

17.  Sandstone 

18.  Coal,  Lower  KittnnniDg 

10.  Firedsy 

20.  Iron  ore d 

2L  Shales,  soft 

22.  Fireclay 

23.  Pebbly  srndstono,  top  of  XIL 

Total 


FL 

16 

20 

8 

11 
1 
5 

50 


FL  fa. 

s    e 
u 


77 


ii 


30 

8 

11 

31 

& 


66 


4 

25 

6 

2 

18 


276     6 


WBITB.) 
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Section  near  Richmondy  Pennsylvania. — ^In  the  northern  portion  of 
Indiana  Ooonty^  Pennsylvania,  in  the  vicinity  of  Bichmond  village, 

the  Lower  Goal  Measures  exhibit  the  following  struc- 
ture (Fig.  73)  according  to  Mr.  Wm.  G.  Piatt,  H*.  p.  266: 

Near  Biohmandt  Indiana  County ^  Pennsylvania, 

[See  map,  F  p«] 


1.  Coal,  Upper  Freeport ... 

2.  Clay 

8.  Limefttone 

4.  Shalea  and  thin  aaadstone 

rCoal...  thin 

5.  CoaL  Lover  Freeport <  Shales.     15' 

(Coal...  thiu 

8.  Concealed 

7.  Sandstone 

&  Clay  slate 

9.  Coal,  Upper  Eittannin^ 

10.  Concealed 

11.  Shales 

12.  Sandstone 

13.  Slate  and  shales 

14.  Coal,  Middle  Kitlanoiog 

15.  Interval 

16.  Coal,  Lower  Kittanning 

17.  Interval 

18.  Shales 

19.  Limestone,  Ferriferoos 

20.  Shales  and  slates *.... 

21.  Coal,  Clarion 

22.  Shales 

23.  Sandstone,  massive,  top  of  XXL 


Ft 

12 
10 
20 


\ 


30 
10 


} 


Total 


Ft  in. 
3     6 

42 


15 

25 
2 

45 

4 

45 

3 

40 

4 
20 

3 
30 

lil      « 


Flo.  73. — Section  near 
Sichmond,  Pa. 


Section  near  *LocJcport  and  Bolivar^  Indiana  County^ 
Pennsylvania. — In  the  vicinity  of  Bolivar  and  Lockport 
just  east  of  the  Chestnut  Kidge  anticlinal,  Mr.  Wm.G.  Piatt  finds  the 

following  succession  (Fig.  74)  for  these  measures  as  given  in  H^,  p.  65: 

Near  Lockport  and  Bolivar,  Indiana  County,  Pennsylvania. 

[See  map,  I  p.l 

Coal,  Upper  Freeport 8 

Claj  shales 6 

Shales,  with  ore  masses 3 

Sandstone  and  sandy  shales 10 

Fire  clay,  good 8        >    52 

Limestone,  iropnre,  Upper  Freeport 8 

Thin  bedded  sandstone 7 

Clay  elates  and  shales 15 

Coal,  Lower  Freeport 

Clay.impnre 3 

Limestone,  Lower  Freeport 5 

Cisy  shales 10 

Sandstone 7 

Sandyflre  clay 3 

Slatesand  shales 20 

Sandstone 10 

Gravish  slates 6 

Coal,  Upper  Kittanning 

Fire  clay,  impure 0 

Limestone,  Johnstown  cement 3 

Dark  slates  and  shales 20 

Sandy  shales  with  ore  nodulos 20 

Carbonate  iron  ore  band 0      6 

Black  slates 10 

Coal,  Middle  Kittanning 

Slates 8 

Shales 10 

Black  slate  and  shale 30 

CotU,  Low^r  KitUnning 

6 


2     9 


64 


Fia  74.— Section  near  30. 
Lockport  and  BoIi> 
var,  PiL 


Clay . 

Sandstone lO 

Shalesandclay  slates IS 

fCoal thin 

Clarion  coal <  Sandstone. . 

(Coal 

Fire  clay , 

Shales 

Sandstone,  heavy,  compact. 


iriV 

fS 


1 


Total. 


1    10 
59     0 

1 
48 

5 
28 

6 

2 

10 

2881 
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Section  near  Centervilley  Pennsylvania.-^Vive  rniles  northeast  from  Ore 
Hill  Furnace,  the  following  succession  (Fig.  61)  .is  reported  from  the 

vicinity  of  Centerville  by  Mr.  Wm.  G.  Piatt,  in  Beporfc 
H^,  Second  Geological  Survey  of  Pennsylvania,  pages 
163, 164. 


ffflffia 


rtf 


^' 


Centervill0t  Armstrong  County,  Pennsylvania. 

I 

[See  map,G  o.J 


4a' 


2/ 


iV 


AS' 


1 .  Coal,  Upper  Freeport. 

2.  Clay  8haIeH.  with  iron  ore 

3.  Li  uiestone,  Freeport 

4.  Concealed 

6.  Coal  Lower  Freeport 

6.  Concealed 

7.  Iron  ore,  eiliceoas 

8.  Sandstone 

9.  Coa],  blosftom 

10.  Concealed. 

11.  Coal,  Upper  Kittanning 

12.  ('Oncealed 

13.  Coal,  Middle  KiltanuinK 

14.  Concealed 

15.  Iron  ore,  Biihrstone 

10.  LimeBtoue,  Ferriferons t. 

17.  Concealed 

18.  Can II el  slate  (Clarion  coal) 

19.  Concealnd 

20.  Black  Hiate  (RrookTille  coal). 

21.  Topol'Xo.  XII  oongloffleiate. 


Ft. 

15 

5 

15 


23  ) 
15  J 


Ft  in. 
3     IM 

35 

3      6 

37 


46 

1 
27 

1 
65 

0 

8 
30 


6 
4 


40 


40* 


Total. 


208      2 


Fio.  61.— SectioB 
near  Centerville, 
Pa. 


Section  at  Putneyville^  Pennsylvania, — Five 
of  Centerville  is  the  village  of.  Putney ville, 
this  vicinity  Mr.  Wm.  G.  Piatt  reports  the 


miles  east 
and  from 
following 


section  (Fig.  62)  of  the  series  H*,  p.  150 : 


Putneyvillef  Armstwong  County,  Pennsylvania, 


[See  map,  Gr  o.] 


Ft  in. 


Coal.  Upper  Freeport 

Fire  clay  and  clay  ahalea 12 

Limestone,  Upper  Freeport 5 

Concealed 10 

Clayslatcs 15 

Coal,  Lower  Freep<Mrt '. 

Slate 1 

Iron  ore 0 

Limest  ne,  Lower  Freeport 2 

Concealed 30 

Sandstone 20 

Coal,  blossom.  Upper  KittaDninc 

Limestone,  Johnstown  Cement  bed 


} 

1 

1 


FL  in. 
i      6 

42 

8 

63      9 


Clay 


8 


Sand Hton A,  friable 15 

Concealed 40 

Coal,  Middle  Kittanning 

Conceale<l 30 

Slates,  with  saiidstone  layers 20 

Coal,  Lower  Kitttuuilng 

Fire  clay,  impure 6 

Shalea...., 20 

Iron  ore,  Biih rstone 0 

Limestone,  Ferri  furous 

Sandstone,  flajcgy 

Black  slates 

Cannel  slate  (Clarion  coal) 

Concealed 

Brook  ville  coal. 

TopofKo.  XU,  conglomerate. 


58 

1 

60 

2 

26 

8 

5 

15 

1 

40 


8 


Fio.  62.— Section  at 
Putney  ville,  Pa. 


Total 


314     3 


-n 


.1 
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Section  near  Kittarming^  Pennsylvania. — ^In  the  vicinity  of  Kittan- 
ning,  Pennsylvania,  the  sacoession  of  the  Lower  Ck>al  Measnres  13  as 
follows  (Fig.  63) : 

Vicinity  of  Kittannifig,  Pennsylvania. 


Tar 


Fio.  03.-~Sectioii  near 
Kittanning,  Pa. 


[See  map,  G  n.]  - 

1.  Coal,  Upper Freopoit.......... 

2.  Shales,  and  concealed  

8.  Coal,  Lower Freeport 

4  Concealed,  and  massive  nandatone 35 

5.  Shales  and  sandstone .\..  40 

6.  Coal,  slate  in  center,  Middle  Klttanning 

7.  Fireclay 4 

8.  Sandysbales , c 

9.  Fireclay 3 

10.  Flaggy  sandstone ; 17 

11.  Shales,  dark,  sandy,  with  iron  ore 40 

fCoal V    10") 

I  Slsit-O  .....0'       L"  I 

12.  Coal, Lower Kittanning..<Cofll.!! I!. 0'     "k"} 

<  Bone 0'      1"  | 

ICoal 0'      6"J 

13.  Fireclay 5 

14.  Sandstone  and  snndy  shales 40 

15.  Shales,  with  iron  ore 5 

16.  Iron  ore,  Bahrstone 0     C 

27.  Limestone.  Ferriferous 11     fl 

18.  Sandy  shales 15 

1».  Coal 

20.  Sandy  shales  and  sandstone 

21.  Coal,  Clarion 

22.  Concealed,  lo  top  of  No.  XT!  sandstone 


\ 


} 


Total 


FL  in, 

4 

35 

2 


75 


s       7/1 


3 


50 


27 

0 
21 

1 
26 


315 


Section  5  miles  south  of  Kittanning^  Pennsylvania, — Abont  6  miles 
south  of  Kittanning  and  1  mile  below  the  mouth  of  Crooked  Creek  a 
very  important  exposure  may  be  seen  on  the  left  bluff  of  the  Allegheny 
Biver,  since  it  gives  in  a  clear  manner  the  relations  of  the  upper  mem- 
bers of  the  Lower  Coal  Measures.  The  section  there  (Fig.  64)  was 
carefully  leveled  by  the  writer,  and  reads  as  follows : 


•  •••'•• 

lY.'.v.'.'.V../'.- 

y.'Xv.'/.v.'.'.v 

^^4  €\    ■    I    .   »   •   •         •    ■ 


yen'a'gMnnu::]^ 


43* 


20* 


flr 


10' 

Fio.  64.  — Snotlon 
south  of  Kittan- 
ning, Pa. 


Five  miles  helotc  Eittannivg, 

}See  map,  G  n.] 
1.  Coal,  Fpper  Freeport,  hlossom 


Ft.  in.      Ft.  in. 


2.  Fireclay 2 

3.  Saudfttono 2 

4.  Fire  clay  and  shales 5 

5.  Concefiled 5 

6.  Limc8^'l"«,  Upper  Freeport 10 

7.  Cunce^iliMl ^5 

8.  Shales,  bluish 20 


9.  Coal,  Lower  Freeport. 


ro;il 


0' 
»v  r>!al<5 1' 

(Coal 1' 

10.  Fire  clay  and  shales 

11.  Sandstone,  niAHsive.  pchl^ly.  Freeport  .. 

12.  Cofll.  Upper  Klttanning , 

13.  Shnlrtrt.  daik 


2" 

8 

8 


i\ 


14.  Coal,  Hiatt)  in  center.  Middle  Kittauuiuf;. 

15.  Llineatone,  sandy 

16.  Fireclay 

17.  Sandstone,  flaggy 

18.  Fireclay 

10.  Satulstoue.  flaggy 

20.  Shales,  dark ^ 


Total. 


10 
4r. 


80 


5,5 

0 

20 
1 
1 
3 
8 
5 
8 
10 


6 

0 
6 


191 
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I 


I V  a") 

6.....  r   0"> 

L (K    8") 


} 


if  e"> 

1'  10"  ) 


54    10 


.Section  at  Johnstown^  Pennsylvania. — Johnstown,  Pennsylvania,  li^ 
jast  east  of  the' Laurel  Hill  anticline,  and  the  Lower  Goal  Measaies 
have  there  been  splendidly  exposed  throngh  the  mining  operatioiiB 
of  the  Cambria  Iron  Company.  The  following  section  (Fig.  78)  of  the 
rocks  in  that  region  is  given  by  the  chief  engineer  of  the  Oambria 
Company,  Mr.  John  Fulton  (H',  pp.  308,  309) : 

Ficifiit^  of  Johnatoum,  Cambria  C<nuity,  Pennsylvania, 

[See  map,  I  q.] 

It.  in,        ttUL 

1.  Coal,  Upi>erFreeport..... 3    0 

2.  Fireclay 1 

3.  Shales 5 

4.  Sandstone 10 

6.  Shales 5 

6.  Kidneyore , 0    10 

7.  Shales , ^ 16 

8.  Sandstone 15 

9.  Shales 3 

10.  Coal,  Lower  Freeport 2     6 

11.  Shale , 0     « 

12.  Llmeslone,  Lower  Freeport. 8 

la  Iron-stained  shales 17         }^     45     6 

14.  Sandstone,  gray,  mlcaoeons 21 

15.  Slates 1.     4 

16.  Coal,  Upper  Kittonning 

17.  Fireclay 0 

16.  Umestone,  Johnstown  Cement »     5 

19.  Fire  clay,  impnte 7 

20.  Slates,  with  iron  ore 8 

21.  Slat«« a 

22.  Black  slates,  with  iron  ore ~ U 

(Coal. 

23.  Coal,Middle  Eittanning  <  Slate . 

(Coal. 

24.  Thin  black  slates 18 

SS.  Coal 0     9 

26.  Fireclay 4 

27.  Sandstone,  gray 18 

28.  Sandstone,  wavy,  gray 4 

29.  Iron*stained  slates 6 

80.  Coal,  Lower  Kitlanning 

8L  Fireclay. ~ 8 

82.  Gray  slates  and  shales 21 

88.  MiMsive  black  shales 15 

84.  Gray  sandstone 5 

85.  Kassive  black  slate 6. 

86.  Coal,  thin 

87.  Black  slates i 

38.  Gray  sandstone 4 

89.  Thin  gray  slates 6 

(Coal... 

40.  Coal, Clarion ^, Slate.. 

(Coal... 

41.  Fireclay 

42.  Gray  slates 

43.  White  Tnas<4ive  siiuditone,  top  of  XII. 


3     6 


39     9 


1     6 


40     9 


8     6 


.      60     0 


6    10 

3     0 
28     0 


Fig.  78.>>Section  near 
Johnstown,  Pa. 


Total. 


292     8 
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Section  at  Conemaitghj  near  Johnstown^  Pmnsylvania. — The  writer 
compiled  a  section  of  the  Lower  Coal  Measures  atOonemaugh  and  else- 
where in  the  vicinity  of  Johnstown,  which  differs  only 
in  minor  details  from  that  of  Mr.  Fnlton.    It  reads  as 
follows  (Fig.  79) : 


:.«a: 


'77 


)V 


^^^^5*8^ 


umam^arngmm 


EDpOBSPPSftf 


i  0  •«  .  •  •  ■ 


.•/.•.•.•.•.: 


4g 


U 


Fio.  79.— Section  at 
Conemaagh,  Pa. 


year  JohmUnon,  Pennsylvania, 

[See  map,  I  q.]  FL  in, 

1.  Coal,  Upper  Freeport 

2.  Fireclay  auti  Handy  Mlmles 

3.  Coal, Lower  Freepo It , 

4.  Shales  and  sandy  beds 

5.  SandRtone,  miifisive  

ft.  Coal,  Upper  Kittanninx 

7.  Shale 0 

C**"»«°* Himeetoiie 4'0"5 

8.  Bark  suidy  shales  with  iron  ore ...« 85 

(Coal  and  slate.. IK    6") 

10.  Coal.  Middle  Kittanning.  <  Slate 0^    &'}.... 

(Slaty  coal 0'  10") 

11.  Shales,  drab 15 

12.  Coal 1 

13.  Itnpnre  Are  clay 5 

14.  SandHtont^  gray  micaceous 45 

15.  Sandy  sUaleH A 

16.  Coal/Lower  Kittanning 

17.  Shales,Randy 

18.  Coal, Clarion 

19.  Fireclay 

20.  Conceatod  and  shalca 

21.  TopofXn. 


JFir.  {n. 

3     0 
40 

0     7 
20 
40 

3 


>     U     0 


1    10 


I 


) 


71 


8 

80 

6 

5 

15 


Total. 


281    11 


Section  in  Jach^an  Township^  Cambria  County,  Pennsylvania, — In  Jack- 
son Township,  Cambria  Gonnty,  8  miles  northeast  of  Johnstown,  a 

well  was  once  drilled  for  oil,  and  I  obtained  from  the  con- 

^    tractor  the  following  record  (Fig.  80)  of  the  strata  repre- 

,  senting  the  Lower  Goal  Measures.    It  is  chiefly  important 

as  giving  the  total  thickness  of  the  series  in  a  yertical 

i  measurement: 


'•"•  •  V»'*  i*  •  •  •  • 
*\  •* •  ••  •  VI  ♦  '  *  ' 


►  •  •  •.•^»  •  •  •  •  •  •  ■• 

■   ••••■••«•••- 


s^ 


Jackson  Townsliipj  Cambria  County,  Pennsylvania. 

[See  map,  I  q.  J 


FL  in. 

1.  Coal,  Upper  Freeport 3     8 

Mt     2.  Fire  clay  and  slate 6 

3.  Sandstone,  gray 44 

4.  Slate,  drab 2 

5.  Coal,Lower  Freeport 4 

0.  Fireclay  and  limestone 0 

7.  "Soapstone"  (shale) 56 

8.  Sandstone,  gray 86 

9.  Coal  and  slate,  Lower  Kittanning 6 

■yO.  Sandstone,  gray 48 

11.  Shale 8 

**'    12.  CoaU  Clarion 6     6 

13.  Fireclay 8     6 

14.  Slate,  gray 65 

Fig.    80.— Section  15.  Hard  sandstone,  top  of  XIL 

In  Jackson  Town-  ■ 

ship,        Cambria           Total 279     8 

Comity,  Pa. 


4a* 
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Section  on  Ben^s  Oreek^  Cambria  County,  Pennsylvania. — Near  the 
eastern  border  of  Cambria  County,  along  the  waters  of  Ben's  Creek,  in 
Washington  Township,  the  following  section  (Fig.  81)  is  reported  by 
Mr.  FrankUu  Piatt  (H»,  p.  48) : 

Ben*t  Creek,  Cambria  County,  Pennsylvania, 

I 

(See  map,  I  q.] 


FL  in. 

1.  Coal,  Upper  Freeport 

2.  Fireclay 6 

3.  Black  alatea  and  ahalee 15 

4.  Limestone,  Upper  Freeport 7 

6.  Interval 15 

0.  Sandstone 12 


Ft.  in. 
4     4 


55 


7.  Coal,  Lower  Freeport. 


(Coal C  2" 

)  Sandstone 2'  0" 

•  •  •  •  A  Fire  clay  and  shale ...  6'  0" 

ICoal a*  0". 

&  Fireclay 2 

0.  Limentoue,  Lower  Freeport 2     6 

10.  Shale»,  iron-bearing , 15 

11.  Coal,  smnt •. 0     2 

12.  Fireclay,  shales,  with  ore  halU...^ 5 

13.  Coal,  smut 0     3 

14.  Fireclay 1 

15.  Slatesand  shales 8 

16.  Black  slates 7 

17.  Coal,  Upper  Kittanning ^ 

18.  Fireday ^ 1     9 

19.  Drab  shales 25 

20.  Sandstone,  Ane  grained 30 

21.  Black  slate 0     8 

22.  Coal,  slaty,  Middle  Eittannins: 

28.  Fireclay 

24.  Sandstone 5 

25.  FireoUy,  shale 10 

26.  Blackslate 5 

27.  Coal,  Lower  Kittanning 

28.  Sandstone  and  shalo 

29.  Coal.  Clarion 

30.  Fireclay 5 

81.  Sandstone 0    10 

32.  Dove-colored  shale,  with  ore 10 

88.  Sandstone 8 

34.  Fireclay,  shale 2 

85.  Coal,  Brookville 

36.  Fire  clay 

37.  Concealed 

3&  TopofXn. 


10     2 


>     88    U 


\ 


3     6 


6«     9 


a 

18 

5 


Fig.  81.— Section  on  Ben's 
Creek,  Cambria  Coon^, 


Total. 


^     20    10 


1     8 


25 


2C3 
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Sectian  near  Stoyestown^  Pennsylvania. — In  the  vicinity  of  Stoyes- 
town,  on  Stony  Creek,  Somerset  County,  Pennsylvania,  near  the  center 
j;:w      of  tbe  basin  between  tbe  Viadnct  and  Negro  Mountain 


anticlines,  the    series  exhibits  tbe  following  structure 
(Fig.  82)  according  to  Mr.  Franklin  Piatt  (H^,  p.  129) : 


"TT^^^'x. 


Stoyeaiownf  Somerset  County^  PennBylvania. 


[Seo  map,  J  q.] 


Ft,   in. 


Sl'0 


Fio.82. — Seotion  neMr 
Sto.veatowD,  Pa. 


iCoal 3') 
Shale 8'>  
Coal 3') 

2.  Int4»rval 

8.  Black  slatM 4 

4.  CoaU  Lower  Freeport 3 

6.  Fireclay 2 

0.  Limeetone,  Lower  Freeport 3 

7.  Interval - 7 

8.  Sand8tox:e,inaMive 3u 

9.  Black  Matea 8 

10.  Coal,  Upper  Elittaooing 

U.  Blackslate 0 

12.  LimeHtone,  Johnstown  CemeDt 7 

13.  Fireclay f 

14.  Interval 85 

15.  Blaokslatea 3 

16.  Coal,  Clarion 

17.  Interval,  concealed 

18.  Top  of  No.  Xn. 


I 


Ft  in, 

14 

70 
t 

63 


Total, 


S    05     0 


6 
80 


272      0 


Section  at  PinJcerton  Pointy  Pennsylvania. — On  the  Castleman  River 
at  Pinkerton  Point,  in  the  southern  portion  of  Somerset  County,  a  very 
complete  section  of  the  Lower  Goal  Measures  was  obtained  by  Mr, 
Franklin  Piatt  along  the  Baltimore  and  Ohio  Eailroad,  near  Shoo  Fly 
Tunnel,  and  is  reported  as  follows  (Fig.  83)  (H^,  pp.  202, 203)  : 


^T"' 


5      6 


00 


PinkerUm  P<>intf  Somerset  County^  Pennsylvania. 

[See  map,  L  o.] 

Ft.  in.     Ft  in. 

1.  Upper  Freeport  Coal  (absent)  — '. 

2.  Liravstone,  fen uginoDSf  Upper  Freeport 2 

3.  Int4?rval W        ^77 

4.  Sandstone 10 

SCoal 2'    3" 
Shale  and  Are  clay  2'    0 
Coal 1'    3 

6.  Limeatone,  Johnstown  Ceinco I — n 

7.  Interval <» 

8.  Sandstone 8 

0.  fiiaokslate 7 

10.  Coal,  Middle  KittMuning 

11.  Fire  clay,  with  ore 8     « 

12.  Sandstone 4      0 

13.  Black  aUtes 10 

14.  Coal 0     6 

15.  Fire  clay  with  iron-ore  balls 3 

16.  Slate  and  clay 10 

17.  Coal,  Lower  Kittanninf! 

18.  Fireclay 1 

10.  Shales,  with  ore  balls 20 

20.  Sandstone,  brownish 10 

21.  Coal.  Clarion 

22.  Fireclay 

23.  Sandstone 

Fio.  88.~S6Ction  at  24.  Slates, dark  colored 

Pinkerton  Point,  25.  Massive  sandstone,  top  of  No.  XII. 


31 

2 

31 

1 
6 

4 
18 


Somerset  County, 


Total 


267 
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Section  near  OresHon^  Pennsylvania. — ^An  oil  boring  near  Oresson,  on 
the  sumtnit  of  tbe  Alleghany  Mountains,  gives  the  following  measare- 

meute  (Fig.  84)  for  the  Lower  Coal  Measures  (H^  page 
30): 


sr 


»  -TTi  _  -  -.— 
.■Tv.v;v,v.».. . 


l^jfcV-g 


v.v/v.'.v-:.:v. 


im' 


Boring  at  Creason,  Cambria  County,  Pennsylvania. 

[See  map,  Hr.] 

FL  in, 

1.  CoiU,  Upper  Freeport B 

2.  Limestone,  Upper  Freeport • 2 

8.  Mixed  drilling : 39 

4.  Coal,  Lower  Freeport 4 

5.  Shelly  **  aoapstone  "  (Mndstonoe  and  shiUee) 115 

d.  Cannelooal 0   10 

7.  Slate 9S 

8.  Coal,  mixed  with  sandstone 48 

0.  Hard  sandstone  (Na  XII). 


Fia.  84.— Section 
near  Cresaon,  Pa. 


ToUl 218    !• 

Section  at  Bennington^  Pennsylvania. — Just  over  the 
crest  of  the  Alleghany  Mountsuns,  at  Bennington,  Blair 
County,  the  following  section  (Fig.  85)  of  this  series  has 
been  carefully  worked  out  by  Mr.  John  Fulton  and 


Franklin  Piatt  (H»,  pp,  3,  4) : 


Bennington,  Blair  County,  Pennsylvania. 


[See  map,  H  r.] 


«' 


«a< 


■aif 


•^aiS' 


iur-irr'Ptiiri'hwrtflnrt)"^' 


Flo.   85.— Section  at 
Bennington,  Pa. 


1. 
2. 
3. 

t 

6. 

7. 

& 

0. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 
82. 
88. 


FL  In. 

Coal,  Upper  Freeport 

Fireclay,  impure 2 

Sandstones  aD<t  bl.ick  slat^^s 20 

Limest^iDe,  Upper  Frof port 3 

Ferra<iinouH  ftluti'S  and  Nbalns 20 

Sandstones  and  Hsudy  shales. SO 

Coal 

Fire  clay 1 

Sandstone,  drab 21 

Black  Mates 20 

Coal.  Uppt^r  Kittanninz 

Drab  lilates,  with  iron  balls 11 

Sandstone 0      7 

Bloe  slates. 18 

Sandstone,  massive 15 

SUtes 12      « 

SCoal 0'    6") 
Slate O'    6"> 
Coal 1'    8") 

Fireclay,  impure A 

Sandstone 12 

SUte 1 

Coal 0 

Sandstone 7 

Black  slates  8 

("oal,  Lower  Kittanning 

Fireclay,  good 8 

Shales 29 

Black  slates 2 

Coal,  Clarion 

Slates 23 

Gray  sandMono 4 

Coal,  Brookville 

Fireclay 

Sandstone,  massiye,  No.  XII. 


FL  in. 
6     6 


> 


\ 


8 
48 

2    10 


S    62     1 


2     8 


85     5 


Total i 283     8 
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Fio.  88.— Section  at 
Clearfield,  Pa. 


Total. 


FL       Ft  in. 


4     4 


Section  at  Clearfield,  Penmylvania. — At  the  town  of  Oleartteld,  Clear- 
field County,  Pennsylvania,  the  following  section  (Fig.  86)  was  made 
by  the  writer :  '  ' 

Clearfieldt  Pennsylvania, 

|Seemap,Ea.] 
f  Coal,  bony.  1'  3" 

t  Coal. Upper rreeport...^fi2j;«'^;  Ji  JII 

I  Coal.'.'-"'!  1'  (J" 

2.  Concealed,  andslialeB 

8.  Coal,  Lower  Freeport 

4.  Shalea 

5.  Saodatone,  maaaive,  gray,  Freeport 

d.  Shales,  sandy   ". 

7.  Coal.  Middle  Kittanning 

8.  Shales,  and  concealed 

9.  Coal,  Lower  Kittanning 

10.  Sandy  shales 

11.  Fireclay 

12.  Sandstone,  flagcy 

18.  Shalea,  dark 

(Coalslaty 1'  6") 

14  Coal,  Clarion <  Fireclay  and  shales.  8'  U"  S 

(Coal.good 1   0") 

15.  Fire  clay  and  ahalea 

(Coal, slaty.  V   4") 

16.  Coal, Brookvllle....< Shale C  12" > 

(Coal C    8") 

17.  Fire  clay  and  concealed 

18.  Hard  maasive  aandstone,  top  of  No.  XII,  in  bed  of  Sua 
qnehanna  River. 


25 
'  8 

Si 


I 


50 
2 

70 

1 

35 
2 

45 


10 

10 

2 

6 


6 


6 


6 


287    10 


Section  near  Morrisdale,  Pennsylvania. — Near  Morrisdale,  Clearfield 
County,  the  following  section  (Pig.  87)  is  reported  by  Mr.  H.  Martyn 
Chance  (H\  p.  61) : 

Near  MorrisdaUf  Clearfield  County ^  Penn9ylvania, 


AJtfT 


mV 


Fio.  87.— Section  near 
MorriBdale,  Pa. 


[See  map,  F  t] 

JR.  in. 

1.  Coal, Upper  Freeport 

2.  Fire  day  and  shalea 

J3,  Coal,  Lower  Freeport •- 

4.  Fireclay 9     6 

5.  Limestone,  Lower  Freeport 2 

0.  Slate  and  sandstone 89 

7.  Coal,  Upper  Kittanning 

8.  Fireclay 8 

0.  Limestone,  Johnstown  Cement 2 

10.  Fire  clay  and  sandstone  with  iron  ore 8 

IL  BlacksUte 8 

12.  Coal 0 

13.  Sandstone 15 

(Coal 0 

14.  Coal,MiddleKittanninfr  v^oni^stone.  3 

(Coal 0 

15.  Sandstone 25 

16.  Slate 3 

17.  Coal,  Lower  Kittanning 

18.  Interval  to  top  of  No.  Xir,  estimated,  about 

Total 


} 


Ft,  in. 

2     6 

82     6 

4      6 

43      6 

2    10 


)'    6"  I 

y  10"  S 


8 
6 
10 
9 
9 
6 


S      39      6 


4      7 


29 

5     6 

75 

lis    6 
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Section  at  Sterling  MineSj  nedr  Houtzdale,  Pennsylvania. — At  the 
Sterliug  mines  of  E.  H.  PowelPs  Sons  &  Co.,  Clearfield  County,  a 
diamond-drill  boring  was  sunk  throagh  the  Lower  Coal  Measares,  be- 
ginning 10  feet  below  the  level  of  the  main  coal  mined  in  that  region. 
I  copied  the  record  of  this  bore  hole  from  the  office  of  the  company, 
and  it,  combined  with  the  surface  exposures^  gives  the  following  sac- 
cession  (Fig.  88) : 

Boring  at  Sterling  Iftnef,  near  HautzdaUf  Clearfield  Counig^  PennBylvaniOm 

[Soe  map,  G  8.] 

FL 

1.  Coftl,  Upper  Freeport../{^,^;j®^^^'^i---^i^j;,-;j^^^  J'  ^%!,\ 

2.  Concealed 1 10 

3.  Surfiftoe  material  in  drill  hole 16 

4.  Darkslate - 16  J 


FL  i%. 
5     4 


i^      42 


IBlttck  nhale  and  ooal 1'  6" 

Slinle.  sandattme,  and  date 8'  0" 

Softuhale V  0" 

Saudatone 1'  0" 

(^oal... V  0"J 


13 


»1 


YlG.  88.— Section  at 
Sterling  Minea, 
near  Houizdale,  Pa. 


0.  Sandy  shale 

7.  fiord  sands  tono,  Freeport • • 

8.  Darkslate 14  j 

9.  Coal,  Upper  Klttanning 

10.  Fireclay 

11.  Dark  alate 

12.  Coal,  Middle Kltt-anning..* 

13.  Slate 

14.  Sandy  sliale 

15.  Slate 

16.  Coal,  Lower  Kittanning 

17.  Fire  clay 

18.  Slate - 

19.  Sandstone,  close,  hard: 

20.  Shales 

21.  Coal,  Clarion 

22.  Hard  slate 


81  V 


2? 

7J 


50 

3 
33 

1 

19 
4 

63 

8 

4 


6 
6 


ToUl. 


241      4 


The  coal  at  the  top  of  this  last  section  has  been  identified  as  the 
Lower  Freeport  bed,  throughout  the  Clearfield  region,  by  Messrs.  Piatt, 
Chance,  an^l  other  Pennsylvania  geologists ;  but  it  seems  to  me  that 
this  section,  taken  in  connection  with  the  one  at  Clearfield  (Fig.  86), 
tends  to  prove  that  the  coal  in  question  is  the  Upper  Freeport.  This 
interpret<ation  is  further  confirmed  by  the  presence  of  the  Lower  Ma- 
honing sandstone  on  above  No.  1,  and  a  thin  coal,  the  Mahoning  bed, 
at  60  to  80  feet  above  the  latter,  while  crowning  the  hills  is  the  Upper 
Mahoning  sandstone,  whose  top  is  100  feet  above  No.  L  Then,  too,  the 
structure  of  the  coal  itself  is  the  same  as  the  Upper  Freeport,  a  few 
miles  distant,  where  it  is  mined  along  the  Pennsylvania  Bailroad,  in 
the  edge  of  Blair  County. 


^ 
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Section  at  Shouj^s  Run^  Broad  Top  Basinj  JSuntingdoh  County^  Penn- 
sylvania.— In  the  BroUd  Top  coal  basin,  Shoup's  Ban,  Huntingdon 

County,  Pennsylvania,  the  Lower  Goal  Measures  exhibit 
fe53^^     the  following  structure  (Fig.  89),  as  given  by  the  writer 

in  1?,  Geological  Survey  of  Pennsylvania,  page  46: 


Wf 


Skoup^s  Sufif  Broad  Top  Basin,  Huntingdon  County y  Pennsylvania. 


[See  inap,  J  t.] 


^^1^^*^  ^     1.  Coal,  Upper  Frcoport 

g^^SS  4'     ^  Sandy  shales  and  sandstone 


8.  Coal,  Upper  Kittanning 

'.^:^M,^^^   4.  Shales  and  sandstone *• 

^j^^'^^        5.  Coal,  Middle  Kittanning 

6*     6.  Shales  and  sha}y  sandstone 

ff    7.  Coal,  Lower  Kittanniog , 


Fig.  80.-Section  ^  Shales  and  concealed... 

at  Shoap's  Run,  9^  Massive  conglomerate. 

Broad   Top  Ba- 

sin,  Huntingdon 

County.  Pa.  Total 


Ft, 

1 
100 

a 

16 
4 

50 
6 

20 


199 


Section  in  East  Broad  Top  Baain^  Huntingdon  County^  Pennsylvania. — 
In  the  East  Broad  Top  region  of  Huntingdon  County  the  structure  is 
thus  (Fig.  90)  given  by  Mr.  H.  K.  Sims  (T^,  p.  68) : 

East  Broad  Top  Basin,  Huntingdon  County,  Pennsylvania* 

f  See  map,  J  t.] 

Ft.  in.       Ft.  in, 
L  Coaland  slate,  Upper  Freeport 2 

2.  Concealed. .» 10 

8.  Conglomerate,  small  pebhles 10 

i.  Massive,  light  gray,  pebbly  sandstone,  slightly  wrgilla- 

ceoosattop... 09 

5.  Concealed 4     0 

6.  Sandstone,  mioaoeoas ^...  2 

7.  Concealed  to  top  of  shaft 34    10 

8.  Dark  gray  slate  with  iron  ore  balls 30 

0.  Sandstone,  micaceoos,  dark  gray 5 


^  - 


>  105     4 


///,**/*;  ;  ;f 


6tf 


k  «     ■     •   ««   a    «     < 
«■•«••••' 




^* 


a4V 


I65*'<^ 


SCoal 2'    7" 
Black  slate... 
Coal 


2'    7") 
0'    3") 


tsar 

ITlG.  OO.—Section  in  East 
Broad  Top  Basin,  Hunt- 
ingdon Connty,  Fa. 


11.  Sandstone,  slaty 

12.  Coal,  Middle  Klttanning 

13.  Concealed 4 

U.  Blue  clay  shales 3 

15.  Concealed 8 

16.  Yellow  shaly  sandstone 3 

17.  Dark  gray  sandy  slate 5 

18.  Black  slate,  sandy U 

i  Coal,  top  bench V    0") 

19.  Coal,  Lower  Klttanning  ^  lTir«l  Hlate,  parting.  0'    4"  ^ 

i  Coal,  bottom  bench .  2'    0"  ) 

Total 


3      3 

2      9 
4 


35 


3    10 


216 


^ 


^ 
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Section  in  Broad  Top  Basin^  Bedford  County^  Pennsylvania. — In  the 
Broad  Top  Basin  of  Bedford  County,  Pennsylvania,  the  structure  is 
thus  (Fig.  91)  given  by  Stevenson  (T^,  pp.  69  and  60): 


Broad  Toj^  Basin,  Bedford  County,  Pennsylvania. 


[See  map,  J  t.] 


Ft. 


1.  Coal,  Upper  Freeport.... 

2.  Shales  and  aftDdatones. .. 

3.  Coal,  Upper  Eittaunlng. 

4.  CUy 

5.  SaDdstnno 

0.  Coal,  Middle  Kittanning. 

7.  Claj- 

8.  Sandstone  and  shale 

9.  Coal,  Lower  Kittanning  . 

10.  Clay 

11.  No.  XII,  conglomerate. 


50 


Total. 


Ft.  in. 
5 

93 

1  6 

2 

28 

4 

56 

2  6 
8 


195 


Pio.  91.— Section  in 
iSroad  Top  Basin, 
Pa. 

Section  at  Piedmont^  West  Virginia, — In  the  vicinity  of  Westernport, 
Maryland,  where  the  North  Potomac  cuts  across  the  Cumberland  or 
George's  Creek  coal  basin,  the  Lower  Coal  Measures  exhibit  the  follow- 
ing succession  (Fig.  92) : 

Piedmont^  Mineral  Cotiniy,  West  Virginia, 


.-.•r 


^T 


M' 


''i: 


[See  map,  N  p.] 

Coftl 

Shale  and  bone. 
(Coal 2' 


FL 


] 


20 
2 


I 


7 
65 


Fio.  92.— Section   at 
Piedmont,  W.  Va. 


fCoftl 2'i 

1.  Coal,  Upp«T  Freoport  . .    <  Shale  and  bone.  I'S  

-5/ ) 

2.  Concealed 10 

3.  Shale,  bluish 10 

4.  Coal.  Lower  Freeporfc 

5.  Fireclay 2  ' 

6.  Concealed 10 

7.  SandHtone,  hard 2  > 

8.  HandHtone,  shaly 5 

0.  Shales,  sandstone,  nnd  COD cealfd 55  ' 

10.  Coal, Upper  Kittanmn«..{[!j,^^;^'°^";«f^^^^^^    J!} 

11.  Dark  shales,  and  concealed 10 

12.  Massive  sandstone,  grfty 50 

13.  Shales,  drab 5  J 

f  Coal,  slat  v  .  r  0") 
C«ia).  Im.iiv  .  V  «"  • 

14.  Coal, Lower Kittanning  >!  (Joal. ^'oo<i..  V  i" ' 

I  Slate,  bard 
i  Coal,  t'ood . 

15.  Fire  clay,  sandy 3 

16.  Shales,  with  nodular  iron  ore 2 

17.  Fire  clay.lmpure 4  ' 

18.  Flagjty  windstone 20  ^    89 

19.  Concealed 25 

20.  Fire  clay,  sandy 10 

21.  Flaggy  sandstone  and  «aiuly. shales 25  J 

22.  Concealed,  and  bandy  shiiloii 40 

23.  Top  of  No.  XH. 


Ft.  in, 
5 


y  i"  > 

2    ti"J 


5    6| 


Total. 


307   C^ 
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Section  near  lifaple  Swamp  water  tonifc,  West  Virginia  Central  Rail- 
road^ Mineral  County,  West  Virginia. — Near  Maple  Swamp  water  tank, 

on  the  We«t  Virginia  Central  Eailroad,  Mineral  County, 
West  Virginia,  these  beds  exhibit  the  following  structare 


a 


60' 


\l' 


5tf 


sprt-;- 


>'• '••'*'»» ' 


45' 


^iV 


as' 


(Fig.  93) : 

Oh  North  Potomac  at  Maple  Swamp  wafer  tank.  West  Virginia  Central 

Baitroad, 

[See  map,  N  p.] 

FL,  in. 

(Coal 0'    5") 

l.'Co«l,TJpporFreeport  ..<  Bone  and  slate..  1'    4"> 4 

(Coal 2^    6") 

2.  Concealed 60 

3.  Coal,  Lower  Freeport 1 

4.  Concealed 55 

5.  Coal, Upper Kittanning 1 


3 


I,  uppei 

0.  Concealed,  and  slate 45 

(Coal 8'    0") 

6 


8'  0" ) 
2'  0'} 
V    5") 


7.  Coal,  Lower  Kittanning  <  Slate 

l  Coal 

8.  Concealed,  and  sandstone  — 85 

».  Coal  Clarion 2 

10.  Shales,  and  concealed 45 

IL  MasslTo  sandstone,  top  uf  Xo.  XIL 


6 


Total 305     4 


2V 


4V 


Section  near  Thomas,  West  Virginia. — At  the  head  of 
the  North  Potomac  and  on  the  Cheat  Biver  side  of  the 
great  Alleghany  watershed,  we  get  a  fine  exposure  of  the 
Lower  Coal  Measures  in  the  vicinity  of  Thomas,  Tucker 
County,  West  Virginia.  The  exposures  have  been  made 
by  the  mining  and  grading  operations  of  the  West  Vir- 
ginia Central  Railroad,  and  there  the  section  reads  as  follows  (Fig.  94) : 


rio.93.-On  North 
Potomac  at  Ma* 
pleSwampWa- 
ter  Tank,  West 
Virginia  Cen* 
tral  JKailroad. 


0  4  ••«••••••■ 

»  ^-•,  •  •    •   •  f    •    •    •  M 


1. 

2. 

3. 

L 
5. 
0. 
7. 

8. 


9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Fio.  M.  —  Near    17. 
Thomas,  Tur.ker 
County.W.Va. 


Near  Thomas ,  Tucker  County ^  West  Virginia, 


[See  map,  O  o.] 

SCoal 3') 
Bone  and  bony  coal  . .  I"  > 
Coal 3') 

Sandy  shales,  weatherinjc  reddish 

SCoal 2"  ) 
Shale 4'  n 
Coal IJ") 

Concealed 

Massive  pebbly  saiidntone,  Freeport 

Cool,  streak,  Uoprr  Kittanning 

Fireclay  and  sbales 

f  Coal,  good 1 


Slate C 

Coal,  Middle  and  Lower  ]  ^'"*J;  ^**"** }', 


Kittuining 


Concealed 

Massive  sandstone 

Shales 

Iron  ore,  buhrstone 

Limestoue,  t'crritVrons 

Shales  and  sandstone 

Cortl,  Clarion 

Khalt'S .. 

Sandstone,  top  of  No.  XIL 


Coal,  good 3' 

Shale,  gray 1' 

Coal,  slaty 3' 


4" 

0" 
3" 
6" 
6" 
0" 


Ft, 


10 
60 


20 
35  . 


Ft  in. 
8 
40 
1      « 

70 

35 


11 


65 


40 


Total 


273     6 
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Section  near  MoatsvillCj  Barbour  Cotrnttfj  We$t  Virginia. — Near  Moate- 
ville,  Barbour  Coantj,  West  Virginia,  on  the  Tygart^s  Valley  River, 

the  following  section  of  the  Lower  Goal  Measures  is  ex- 
posed (Fig,  96) : 


Near  MoaUvillef  Barbour  County,  WfiBt  Fir^nio. 


.••-T»»«|     ^^ 


Fio.  95.— Section 
near  Moat** 
vlll©,W.Va. 


[See  mxp,  O  m.] 

1.  Coal,  Upper  Freeport 

2.  Concealed,  and  Bandy  ehalM    — 

iSUtv  coal  and  id  ate 
Sh»l«»  aiid  Are  clay.. 
C«»ttl 
Dai'k  bony  clay 
Coal 

i.  Concealed 

6.  Sandstone,  maaalTe,  gray 

8.  Concealed 

7.  Dark  bine  ahale 

8.  FlagfEj  aandstone  and  concealed 

9.  Limeetone.  gray,  Campbeira  Creek 

10.  Shales,  and  maaaive  sandstone 

<  Coal.. 

1 1.  Coal,  Lower  Kittannlnz <  Shales . 

(Coal 

12.  Concealed . . 

13.  White  pebbly  sandstone,  top  of  No.  XIL 


It. 


0'  C'l 
4'  CK'l 
2'  0"} 
0'  3" 
r  3"  J 


Ft.  in. 
3 
50 

8 


20 
35 

35  }- 
5 
10 


105 


2 

20 


. .  1'  •"  ) 

m.  8'  0"> 

..  3'  0"i 


Total 


12     6 
20 


220     6 


Section  near  Valley  Falls^  West  Virginia. — ^In  the  vicinity  of  Valley 
Falls,  Taylor  County,  West  Virginia,  where  the  Chestnut  Bidge  anti- 
cline brings  the  series  above  water  level,  the  following  succession  is 
visible  (Fig.  96) : 


Valley  Falls,  Taylor  County,  Weet  Virg  nia, 

[See  map,  N  1.] 


1.  Coal,  Upper  Freoport 


^•.v.y.'.y.v.' 

■  *  •  •  •  •  •  •  •  •  •  • 

•  •  •  •  •VV*  •  •  * 


5.  Coal,  Lower  Freeport. .  •( 


V  1" ) 

y  1"  > 
)/  7//  J 


2.  Conoeaied  and  shales 

3.  Sandstone .« 

4.  Blue  shales 

rCoal 0*    3" 

Slate,  gray 0'    «" 

Coal V    3" 

Shale   V  11" 

Coal,  bony  cannel.  0'    6" 

IShnle^giay 0'    fi" 

(Coal '. 1'    3" 

6.  Dark  shales 

7.  Sandstone,  Freeport , 

8.  Shales,  blue 

SConl 8'  1" 
Shale,  gray.  0' 
Coal, bony..  0' 

10.  Shale«i.dark  gravisfi 

11.  Coal,  Middle  Kittanning 

12.  ShaleH  and  flangy  sandstone 

18.  Limestone,  siliceons 

14.  Sandnt  one,  flaggy , 

15.  Shales,  oontainins  iron  ore  nodules 

18.  Limestone,  dark  blue,  Campbell's  Creek 

17.  Shales 

18.  Coal,  Lower  Kittanning 

19.  Fii-eday , 

i^^,»  20.  Sandstone,  iiaggy 

"^  21.  Sandy  shales,  and  concealed 

22.  Sandstone,  hard,  micaceous 

SCoal..  0'    2" 
Shnle 
Coal.. 

^___  24.  Shales,  and  concealed 

Fio.  96.— S  e  0 1  i  o  n  25.  Sandstone,  massive,  top  of  No.  XII. 

near  Valley  Falls, 
W.Va. 


«0 
15 


0  ) 

U 


Ft,  tfi. 
3 

59 


7     4 


37  > 


8 
1 
2 
5 
1 
20 


20 
15 


n 


0'  2") 
0'  10"  > 
0'    2"^ 


55 


8     9 

16 
1 


37 
5 

1 
25 


Total 


258     3 


In  this  last  section,  and  also  in  the  preceding  one  (Fig.  95),  a  bed  of 
impure,  siliceous  limestone  occurs  in  the  shale  interval  above  the  Lower 


VH1IB.I 


THE  LOWEB  COAL  UEASUBES. 


129 


Kittanning  oo^I.  It  occap'es  tbe  same  geological  lionzoa  as  the  thiD, 
siliceous  limestone  abovo  the  0anii>ben'8  Greek  (Lower  Kiltanning) 
coal  OQ  the  Big  Eaaawha  River,  and  beaoe  I  have  identified  it  with 
that  stratam. 

Section  near  Nuaum'a  Mill,  Marion  County,  Wat  Virginia. — Farther 
down  the  stream  (Tygart's  Valley  River)  the  followiog  strnotnre  (Fig, 
97)  was  observed  on  the  right  bank,  below  Nuzam's  Mill,  Marion 
Oounty,  West  Virginia: 

Near  Sunm't  Mill,  Marion  County,  WmI  flrglnia. 
[St»  mtp,  V  L] 
I.  OmI.  Upper  Trwport 


wmmm 

& 

^^ 

i 

s 

a' 
St- 

M^ 

ii 

^^^ 

^^^S 

'f 

^^^ 

f 

aSm 

'^S., 

B 

»' 

2.  Clay 

4.  LtnifsatABa,  Upper  Fraepott.-. 


7.  SbilM^  uDdy  dritb    

S.  CDkl.  LoHer  Knapgrt 

«.  SbilH  ud  ooncMled 

"    one,  Fntport... 


!» 


23.  Coal,  CUrion.... 
M.  Fireolij,  ModT. 
IS.  Durk  Bh>W  wItt 
M.  FlBniry  «»nditom 


Fid.  ai.SacHoa  near 
Nninni'«Uil1.MftrloIl 
Coanty,  W.  Va. 


lion  Die  iiagf[«la  naar  middle M 

i  bfauoiu,'  ariokvine.'/.'.'.'."'.'.'.'.'.'.  1 


Section  under  Clarlcaburg,  West  Virginia. — From  the 
records  of  the  Despard  gas  well  horing,  at  Clarksburg, 
Harrison  Goauty,  West  Virginia,  as  furnished  by  T.  M. 
Jackson,  civil  engineer,  we  get  the  stractnre  of  the 
Lower  Goal  Measares  there,  as  follows  (Fig.  98): 

I7iul«r  Clarkaburg,  Wett  Ftrgini*. 


L  Uppar  FTHport  eiMl 

1.  SbiHM.  UiDdy    

a.  SandaMoe,  vhllv 

4.  Shmln 

K.  Sandntooe.  uhlM,  Fneport . . 


e.  Bbal^  blank  .. 


B,  wlilia  .. 


nnd  «r  Clarktbiu^, 


B.  Lnwer  KIUmiiiIde... 
^■iidgiODi.  hanli  whlM '.. 

ropofiioixii,  whiie'si 

Total 


The  Lower  Kittanning  bed  is  here  more  than  1,000  feet  befow  the 
summits  of  the  bills. 


^ 
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Section  under  ParJcershurg,  West  Virginia. — At  Parkersburg,  "Wood 
Coanty,  West  Virginia,  the  followiDg  structure  (Fig,  99)  isgiveu  by  the 

record  of  the  Oamden  Gousolidated  Oil  Company's  dnll 
hole,  on  the  authority  of  B«  A.  Cole,  superintendent: 

Under  Parkerahurg,  West  Virginia. 

[See  map,  N  f.]  It 

1.  Upper  Freeport  coal abaent 

2.  Shalea,  gray  and  black 170 

3.  Goal«  Lower  KittanniDfc 7 

4  Shalee.gTay 98 

6.  Top  of  No.  Xn. 


y^r-^^^. 


70" 


Total 


275 


d«' 


The  liower  Kittanning  bed  is  the  only  one  in  the  series 
here,  but  it  has  a  good  thickness,  though  lying  1,100  feet 
below  the  bed  of  the  Ohio  Eiver,  and  1,500  feet  under 
the  surface  of  the  hill  summits. 

Section  under  Wheeling^  West  Virginia, — 
Under  Wheeling,  West  Virginia,  where  the 
top  of  the  series  is  more  than  400  feet  below 
water  level,  the  record  of  th%  Central  Glass 
Company's  drill  hole  for  gas  gives  the  fol. 
lowing  structure  (Fig.  100) : 

Und^  Wheelingy  West  Virginia. 

[See  map,  K1.]  Fl 

1.  Coal,  Upper  Freenori— 650  feet  under  Pittabnrs  coal  and  450  feet  under 
Ohio  River  level 


Fig.  99.— Section 
under  Parkers- 
barg,  W.  Va. 


7 

96 
5 


2.  Sandstone  and  ahalea. . 

3.  Goal,  Upper  Kittanninj; 

4.  Shaleaand  nandatone 112 

5.  Top  of  No.  XIL 


Total 2i0 


>.■-:•.  •.■•.■•.■•.■■.v;y;«i 

■    4    .    .    «   •   «    «    f    »    •    »   f 

k  .   .   ,   .  .   4  .   «   »  •   I   >. 
-••^   ■••%••■'** 

•  V  *  « « >  »  •  •  \K*  •i 

'  *  •  '-"  •  *  •  '  • 


•  *  - 


'.'.V 


fei^i^Vic  vv-v 


15* 


Tio.  101 — Section  at 
mouth  of  Ijittle 
^aver. 


'  •  •.<*  •  •  .  < 


.'. 


•  •  •  » . 

* « « 


ttf 


5tf 


2    N 
£0' 


5rf 


M* 
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Section  at  mouth  of  Little  Beaver^on  the 
Pennsylvania- Ohio   State  line. —  At    the  ^^^^^^^^^^^^ 
mouth  of  Little  Beaver,  on  the  Pennsyl-  ^'  ^^ 
vania-Ohio  Stale  line,  and  the  northern  point  of  the 
West  Virginia  "  Pan-Handle,"  the  structure  is  as  fol- 
lows (Fig.  101): 


Ohio  and  Pennsylvania  linej  mouth  of  Little  Beaver. 

[Seemap,  GJ.] 


ih 


30' 


00' 


1.  Coal.  Upper  Freeport 

2.  Sandy  ahalea 

8.  Goal.Lower  Freeport 

4.  Sand.?  ahalea 

fi.  Sandatooe,  massive 

6.  Sandy  Bhalea 

7.  Goal  Middle  Kittanning 

8.  Fireclay 

9.  Shales,  oontaininf?  nodalea  of  iron  ore 

10.  Goal,  Lower  Kittanning 

U.  Fireclay 

12.  Sandy  ahalea  and  ahaly  sandatone 

1:1.  Limeatone.  Ferriferoua 

14.  Sandy  ahalea 

15.  Bitnminoua  ahale,  Clarion  coal 

10.  Shalea,  aandy 

17.  Maaaive  aandatone,  top  of  Ko.  XII. 


Ft, 


20 


20^ 
50V 
35) 


5U3 


Total. 


Ft,  in. 

3 

50 
•> 

105 

2 
20 

2     6 

GO 
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8 

5 

16 


27S     e 
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Section  near  Sprucevale^  OoJumbiana  County ,  Ohio. — Northward  ap 
the  Little  Beaver  the  colamn  of  rocks  is  very  much  the  same  as  at  the 
OhioEiver,  as  may  be  seen  from  the  following  section  (Fig,  102)  taken 
near  Sprucevale^  Oolambiana  County,  Ohio : 


Near  Spruoevah,  Columbiana  County,  Ohio, 


1 1 1  m.  ■  I 


•  •  • » 

•  >  •  ■  I 


-.  «   •   •  •  « 


I    mV    ••     ••     •••••! 


'-     *     ■*      ■     • 


ta 


[See  map,  6  j.] 


FL 


75* 


2S' 


Fio.  102.— Section 

near  Spnicevale, 

•  C  olambian  a 

Coonty,  Obio.    , 


L  CoalfTTppttFrMport 

2.  Piroolay A ^ 

8.  Limeatone,  Upper  Freeport 

4.  Shales,  and  ooocealed 

5.  Coal,  Lower  Freeport .'.....    bloesoin 

6.  Concealed 

7.  Sandstone^  massive,  Freeport 

&  Coal,  Middle  Kittaaning «. thin 

9.  Concealed 

10.  Coal,  Lower  Klttanning 

]L  Fire  day  and  shales 

12.  Limestone,  siUoeoas,  Upper  Ferriferous 

13.  Shales,  gray 

14.  Shales,  dark 

tK  T  «.«ik.*AnA  5  Lower  Ferriferous  ..  \ 

16.  Limestone JpatnamKlU \ 

16.  Coaly  shales,  Clarion 

17.  Fireclay 

1&  Concealed,  to  top  of  No.  XII 


40 

10 


\ 


Ft, 
3 
2 
3 

60 

10 
75 

25 
2 

25 
5 

50 


6 

6 

20 


Total 


291 


Here  we  get  the  beginning  of  an  important  feature  in  Ohio  Lower 
Goal  Measure  stratigraphy,  viz :  a  duplication  of  the  Ferriferous  lime- 
stone. The  lower  bed,  No.  15,  occupies  the  regular  horizon  of  the 
Pennsylvania  '*  Ferriferous  ^  bed,  but  there  comes  in  above  it  here  a 
stratum,  No.  12,  of  siliceous  limestone,  not  seen  anywhere  in  Pennsyl- 
vania, but  becoming  the  ore-bearing  limestone  of  the  Obio  series,  and 
known  as  the  ^^  Gray  "  limestone,  the  ore  on  its  top  being  of  the  same 
character  as  the  Buhrstone  ore  of  Pennsylvania  and  apparently  identic 
cal  with  it. 

Prof.  Orton,  director  of  the  Ohio  Geological  Survey,  thinks  that  on 
entering  Ohio  the  Great  Ferriferous  limestone  of  Pennsylvania  splits 
into  two  portions,  the  upper  part  representing  the  "  Gray  ^  limestone 
and  the  lower  or  blue  portion  of  the  Ferriferous  representing  the 
"  Putnam  Hill  ^  bed  of  Ohio.  This  seems  to  be  the  most  probable  view 
of  the  matter,  though  it  is  barely  possible  that  the  lower  or  Putnam 
Hill  stratum  is  an  entirely  new  deposit,  and  has  no  representative  in 
Pennsylvania,  or  this  may  b«d  true  with  reference  to  the  upper  limestone, 
No.  12. 
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Section  between  New  Lisbon  and  Leetonia^  Ohio, — In  going  northwest 
ward  from  Spracevale,  a  very  rapid  cbauge  takes  place  in  the  lower 
portion  of  the  column,  since  it  rapidly  contracts,  as  will  be  seen  from 
the  following  section  (Fig.  103),  made  in  the  vicinity  of  the  cemeut 
works,  between  Sow  Lisbon  and  Leetonia^  Ohio : 


Flo.  103.— Section  be- 
tweoD  Kew  Lisbon 
and  Leetonia,  Ohio. 


Between  New  Lisbon  and  Leetonia,  Ohio, 

[See  map,  Gri.] 

1.  Coal,  Upper  Freeport  (not  seen) 

2.  Concealed 

8.  Sandstone 

i.  Shalea,  chocolate 

6.  Coal,  Lower  Freeport 

6.  Fireclay -. 

7.  Linieetone,  Lower  Freeport 

8.  Concealed*  and  sandstone 

0.  Shales 

10.  CoalLowerKlt^ning..{g™\«^»^;;--  f!    j:}.... 

U.  Slate 

12.  Limestone  and  iron  ore.  Upper  Ferriferons 

18.  Concealed,  and  shales 

u.  Limestone,  fossiiifemos..  5  ^7^'JjiTu'iT.""::::: }  — 

15.  Coal,  Clarion 

1«.  Fireclay 

17.  Interval  to  top  of  No.  XII 


30 
10 
10 


il 


10, 
25  5 


Total. 


PL  in. 


50 

0 

4 

4 

50 

5 

8 


39 

3 
35 

lOG      8 


Section  near  Zanesville^  Ohio.— In.  the  vicinity  of  Zanesville,  Muskin- 
gum Connty,  Ohio,  the  section  of  the  Lower  Goal  Measnres  reads  as 
follows  (Fig.  104),  at  the  type  locality  of  the  Putnam  g^ill  limestone 
(Vol.  V,  Ohio  Geology,  p.  96) : 


Zanesrillej  MueJcingum  County,  Ohio, 
[See  map,  K  e.] 


JPL 


39 

6 
34 

20 


•  #  •  •'••••••« 'J  ^    a 

»  *  •••♦ *  \  Am. 


^r-^-'^i^ 


W^^- 


Fio.  104.  — Section 
near  Zanesville, 
OhiOb 


1.  Coal,  Upper  Freeport 

2.  Fireclay 

3.  Limestone,  Upper  Freeport 

4.  Concealed 

6.  Coal,  Lower  Freeport 

6.  Fireclay 

7.  Concealed 

8.  Sandstone,  Freeport 

0.  Coal,  Middle  Kittanning 

M*    10.  Fireclay 

11.  Shales,  with  ore  nodules .' 

12.  Coal,  Lower  KitUnninjC 

13.  Fireclay 

14.  Limestone,  Upper  Ferriferous 

15.  Sandstone «. % 

18.  Shales 

,_   Ti    ^-4. -  C  Lower Forrlferoua J 

17.  Limestone i  Putnam  Hill 5 

18.  inhales,  dark 

JO.  Coal thin 

20.  Fire  clay  and  dark  shales 

2L  Coal,  Clarion 

22.  Fire  clay,  shales,  and  concealed,  to  base  of  Lower  Coal 

Measnres 


Ft  in. 
4 

43 

1 

60 

4 


18  i      21 
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44 

6 
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56 

4 
3 

7 
1 

15 


Total. 


225     e 
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Section  near  Shawnee  and  McCunevill^^  Ohio. — In  the  vicinity  of 
Shawnee  and  McCuneville,  Perry  County,  Ohio,  these  beds  exhibit  the 
following  stracture  (Fig.  105) : 

Vioiniiy  of  Shawnee  and  McCunevUUf  Perry  Couniy,  Ohio. 

[See  mftp,  M  d.] 

Ft,  in. 

1.  Coal,  Upper Freeport  (not  Been) ».... 

2.  Fire  clay  and  shalee  containing  "  Bachtel"  ore 15 

8.  Limestone,  Upper  Freeport 2     0 

4.  Shales,  and  concealed 25 

5.  Coal.Lower  Freeport I     6 

6.  Clay,  with  iron  ore 10 

7.  Concealed,  and  shales 25 

rCoal 2'    0" 

t  "Mother"  coal..  C    4" 
Coal A' 


^^mrn^^^ 


a  Coal,MlddleKittaaning^|£S>'5g;^^-— :  ^ 

Coal ;..  V 


0" 
6" 
3" 

1" 
0"j 


10     8 


Slate 0* 

Coal 3' 

9.  Clay,  with  calcareons  ore 10 

10.  Concealed,  and  shales 20 

11.  Coal,  Lower  Kittanning 

12.  Clay 5 

18.  Ferriferous  ore  and  flint .' 1 

U.  Sandy  shales 40 

FlO.  105.— vicinity     ,«■«,,  ,« 

of  Shawnee  and     ^^  Fireclay 10 

McC  a  n  e  T  i  11  e,     17.  Massive  sandstone,  top  of  No.  XII.  '- 

Perry  Countj', 

Ohio.  Total _: 170     8 


Section  near  Buchtely  Ohio. — In  the  vicinity  of  Bachtel,  at  the  line  of 
Hocking  and  Athens  Gonnties,  the  Lower  Goal  Measures  exhibit  this 
stracture  (Fig.  106) : 

Hocking  Valley ,  near  Buehielf  Athena  County,  Ohio, 


[See  map,  N  c.) 

rCoal,slat7 V 

Shale ,...  0* 

I  Coal 1' 

L  Coal, Upper  Freeport..  •<  Shale 0* 

I  Coal 1' 

Shale O' 

ICoal 1' 

2.  Fireclay  and  shale 5] 

3.  Limestone,  Freeport 5^ 

4.  Concealed,  and  shales 40J 

fCoal 1'    «" 

6.  Coal,  Lower  Freeport . .  <  Slate , 

(Coal 

0.  Concealed 

fBonecoal 0'    6") 

Coal 2'    0" 

7.  Coal,MiddleKittanning.:^,ljJf "  J,'    y" 

(si»te.'."i;.'"..".'.*.".'  0*    1" 
ICoal 1'    «"J 

8.  Concealed 

9.  Coal,  Lower  Kittanning 

10.  Concealed 

11.  Iron  ore 

12.  Limestone,  Ferriferoos 


FL     FL  in. 


5     9 


1'  «") 
0'  1"  > 
I'    6") 


Fio.  106.— Hock 

Ing  Valley,  near  13.  luterval  to  top  of  No.  XII 
Bachtel,  Athena 

Connty.Ohio.  Total « 


60 


8      1 


80 


6     1 


80 

1 
10 

1 

2 
40 

178    11 
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Section  on  Meeker's  Run^  near  Nehonvillej  Ohio, — On  Meeker's  liun, 
near  Nelsonville,  Athens  County,  Ohio,  the  stracture  of  the  Lower 
Coal  Measures  is  thus  (Fig.  107)  given  by  Prof.  Orton  in  YoL  III,  Ohio 
Geology,  page  926 : 

Or  Meeker's  Bunt  ^^or  NeleontfiVe,  Athens  County ^  Ohio. 


[See  map,  N  o.] 


1.  Coal,  Upper  Freeport. 

2.  Fireclay 

8.  Sbale^      

i.  Bucbtelore 

5.  Shales 

8.  Straiteville  ore 

7. 
& 

a 

10. 

11. 

12. 
13. 
14. 
IS. 
.    16. 


It  in. 
4 
3 

5     9 
1     3 


6 

1 

Shawnee  or  Baff  limestone  (Upper  Freeport) 2  6 

Sandstone 14  6 

Coal,  Lower  Freeport 1  0 

Shales 4  0 

Limeatone^  Lower  Freeport  ..{g;;^-™--;j;j;;  I  i  6 

Sandstone ^ 12  6 

Coal,  Upper  Kittanning 3 

Fireclay « 1  6 

Sandstone 15  6 

Shale 3  6 

"•  c«- { ^r^v?rji°!;  1 « " 


Fro  107.— Section 
on  Meeker's  Run, 
Athens  County, 
Ohio. 


1& 
19. 
20. 
21. 
22. 
23. 
34. 
25. 
26. 
27. 


Fire  clay 
Shale.... 


Snowforkore 

Sandstone 

Coal,  Lower  Kittanning. 

Fire  clay 

Shales 


Place  for  Baird  om 

Place  for  Gray  limestone 

Interval  to  No.  XII  sandstone. 


3 
5 

0 

27 

2 

4 
0 


30 


8 


Total 


165      1 


Section  at  Panther  Rilly  Scioto  County,  Ohio. — Farther  to  the  southwest, 
in  Panther  Hill,  near  Mt.  Vernon  Furnace,  Scioto  County,  Ohio,  these 
rocks  are  given  as  follows  (Fig.  1 08)  in  VoL  Y,  Ohio  Geology,  p.  1038 : 


Paniher  Hill,  Mt,  Vernon  Furnace,  Soioto  County^ 

[See  map,  Q  a.] 


Ohio. 


Coal,  blossom,  Upper  Freeport. 

Shale,  sandy 

Concealed 

SandMtone, shaly 

Coal,  blossom.  Lower  Freeport 

Fireclay 

Shale 


Fig.  10  ^.—Panther 
Hill,  Mu  Vernon 
Fomace,  Soioto 
Gonnty,  Ohio. 


10. 
20. 
21. 
22. 
28. 
24. 


Iron  ore,  "  Baird,"  bnhrstone 

Limestone,  Ferriferous 

Coal 

Sandstone,  white 

Coal,  Clarion 

Shale    

CoaL  BrookTllle 

Sandstone,  top  of  No.  Xn. 


Feet.      FeeL 


Sandstone 

Slate 

Coal,  Middle  Kittanning 

Shales,  with  iron  ore  (kidney) 

Sandstone,  massive 

(Coal blossom) 

Coal,  Lower  Kittanning  <  Sandstone,  shaly  ...  1> 

(Goal    blossom) 

Concealed , 

Sandstone,  white 

Shale 


15} 
12  J 


20 


16? 
205 


iS 


blossom 


blossom 


38 

39 

45 
7 

18 

6 
6 
16 


Total. 


176 
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Section  near  Ironton,  OWo.-^ From  the  vicinity  of  Ironton,  Ohio,  iProf. 
Orton  reports  the  followinjif  structure  (Fig,  109)  for  the  Lower  Coal 

Measures  (VoL  III,  Ohio  Geology,  p.  928): 


*  «  « ■  %  t  •>  *  .  ^ 


•  •••%•« •  •  • 


'MW^tM' 


stV 


Jrofitoft,  Lawrence  County ^  Ohio, 
[See  map,  B  b.] 


mV 


Fia.109.— Sertlon  near 
Ironton,  Obio. 


1. 

2. 

3. 

4. 

fi. 

0. 

7. 

& 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
31. 
22. 
23. 


Coal,  Upper  Freeport 

il^iTeclay 

Cotifflomerate  and  siindstone 

Little  yeUow  kidney  or  Monitor  famace  uro  . . 

Concealed 

Buff  limestone 

SbaleH 

Yellow  kidney  ore  (Moxahala) 

Hea^y  sand  mck  

Coal  No.  6  (Sheridan  coal),  Middle  Kittanning 

Fireclay 

Black  kidney  ore 

Sand  rock 

Coal  No.  Y  (New  Castle),  Lower  Kittanning . . 

Fireclay 

Sand  rock 

Fireclay 

Limestone  ore . 

Gray  limestone.  Ferriferous -. 

Sand  rock.  Hearthstone  qnarries 

Conway  coal  No.  3,  C.  (Brookvillo) 

Fireclay. 

Top  of  No.  Xn,  sandstone. 


FLin. 


Total. 


244     0 


%  4  w  4  *  m%  •  •  -    - 

•  #. •-■♦.»  •  f  •  »  t  •  1 
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Section  in  southern  OhiOj  near  Ironton. — In  the  same 
region  of  Ironton,  but  at  a  different  locality,  the  writer 
found  the  following  structure  (Fig.  110): 

Jn  wmihem  Oh/iOf  above  Ironton, 


•  ■•••».<•  r  •■•< 
'»  •  •  •  •-*  •  •  »  •  *•  i 

»«  k  •••••••  V  •« 

,  I  .   ■••'•■»•■■•• 
, 0^  •■%••■'*■• 

UUt'Jj'j'  ' 


46' 
f 


4€f 


[See  map,  Sb.] 


FL     FL  in. 


L 
2. 
8. 
4. 
6. 


Coal,  Upper  Freeport. . 
Shales  and  sandy  oeds , 
Coal,  Lower  Freeport.. 
Massive  sandstone. . . . . 
Shale 


40 


2 
60 

45 


(L  Coal,  Middle  Kittanning. . 


40' 


Fig.  110.— Section 
in  sontbern 
Ohio,  near  Iron* 
ton. 


7. 

a 

9. 
10. 
IL 
12. 
13. 
14. 
15. 


Fire  day 

Sandstone,  massive 

Coal,  Lower  Kittanning 

Shales  and  fire  clay  , 

Limestone,  Ferriferous 

Firnclay  and  shales 

CoaU  Clarion 

Shales,  and  concealed 

Massive  sandstone,  top  of  No.  XII. 


(Coal 1 
Fireclay 
Coal    .  _   . 
Fireclay 2'  | 
Coal 2' J 


5 
40 


} 


45 

2 
25 

5 
10 

1 
40 


0 


Total 235      0 


This  section  differs  but  little  from  that  found  in  western  PennsylYa- 
nia.  The  "Buhrstone"  or  "Baird"  ore,  which  was  not  noted  in  this, 
is  present  in  other  sections  at  its  proper  horizon  on  top  of  No.  11.  The 
Putnam  Hill,  or  lower  division  of  the  Ferriferous  limestone,  seems  to 
have  disappeared,  either  by  coalescin^j  with  the  upper  one  or  failure  of 
deposition,  and  the  same  appears  to  be  true  of  the  Upper  Kittanning 
coal,  unless  it  is  to  be  found  in  the  upper  layers  of  the  complex  Middle 
Kittanning  No.  0,  which  is  not  improbable. 
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Section  at  Charleston^  West  Virginia. — As  we  leave  the  northwestern 
margin  of  the  Appalachian  field  in  sonthern  Ohio,  and  pass  southeast- 
ward toward  the  other  or  eastern  side  of  the  same,  tbe 
Lower  Coal  Measures  thicken  np  quite  rapidly,  as  will 
be  seen  from  the  line  of  sections  which  will  now  be 
given  along  the  Great  Kanawha  River.  The  following 
one  (Fig.  Ill),  from  the  mouth  of  Elk  Biver,  at  Charles- 
ton, is  the  record  of  Edwards  gas  well  No.  3.  It  begins 
at  the  level  of  the  Upper  Freeport  coal,  and  the  record 
was  obtained  from  Mr.  W.  S.  Edwards,  the  superintend- 
ent of  the  gas  company : 

Under  CkarUitont  Kanawha  County^  We$t  Virginia,  by  bore  hole  near 

mouth  of  Elk  River, 


•   •   •   • 


•  •-  .  »  %  « 


[See  ni»p,  S  fl] 

Ft.  in. 

1.  Coal,  Upper  Freeport... 3 

2.  Shales  and  sUtee 65 

8.  Coal,  Lower  Freeport 1     6 

4.  Sandstone  ttod  shales 116 

6.  Coal,  aUty,  Upper  Kittanning 5 

6.  Shales  and  sandstone •..  293 

7.  Sandstone,  coarse,  with  gas  and  water 70 

8.  Coal,  Clarion 

9.  Shales  and  si(ndstone 90 

10.  Shales 30 

11.  Top  of  No.  XII,  white  sandstone. 


•  •  •  •  ♦  ♦ 


•«««•*• 


*  •  •  ♦ 


Total 573     6 


The  thickness  of  the  measures  is  here  about  three 
times  greater  than  in  the  Hocking  yallej,  100  miles 
north  from  Charleston.  Just  where  this  rapid  thicken- 
ing begins  has  not  jet  been  determined,  owing  to  the 
absence  of  reliable  borings  between  the  Hocking  Valley 
and  Charleston,  but  it  is  probable  that  the  most  of  it 
comes  in  from  the  Ohio  Biver  southward  to  Charleston, 
since  the  borings  at  Pomeroy  and  Hartford  City  disclose 
no  unusual  thickness  of  the  Lower  Coal  Measures. 

The  Identification  of  coal  Ko.  8  in  the  above  section  is 
open  to  question,  as  It  may  possibly  represent  the  Lower 
Kittanning  bed. 

There  may  have  been  other  bedsof  coal  passed  through 
by  the  drill  in  the  well  from  which  this  section  is  taken, 
since  it  is  seldom  that  drillers  for  oil  and  gas  exercise  much  care  in  ex- 
amining the  drillings  for  coaL 


Fio.  111.— Section 
under  Chariee- 
ton.  W.  Va. 


^ 


WHITK.] 


THE  LOWER   COAL   MEASURES. 


137 


Section  at  mouth  of  Lick  Run,  near  Charlcsfouj  West  Fir/;i?ifa.— N'ear 
the  mouth  of  Lick  Run,  2  miles  south  of  Charleston,  a  well  was 

bored  for  gas,  by  Mr  Hulings,  and  from  the  super- 
intendent, Colonel  Jordan,  I  obtained  the  following 
record  (Fig.  112)  by  combining  it  with  the  70  odd 
feet  of  rocks  exposed  above  the  mouth  of  the  bor- 
ing: 


1'  II  ■  1 1  r  ui 

»  0*   •  •  «    *  «  •  4 
•   *•••»•*    ft- 


20' 


aiT 


•  ♦  • 


.'  ** 


w.* 


*  •  ♦  • ^- 

tj*  •  *  •  • « • » . 

•  •••  •••>* 

'  ~ « •  •  * « *  •  < 

•  •♦».♦  •  ♦ 


V/.\«,V.v 


* 


«tf 


2At 


••••••• •J 


r35l??y?v^ 


^8Ss 


S^^^^^ 


Tio.  112.-»A.t  month 
of  Liok  Rno,  two 
miles  above  Charlee- 
ton,  W.Vft. 


At  fMuth  of  Lick  Bun,  two  miles  above  Charleaton,  Kanawha 

County,  Went  Virginia* 


iSee  map,  T  f.] 


Feet.       Feet. 


L  Coal,  Upper  Freeport 

2.  Shales 7 

8.  Conoealed 20 

4.  Sandstone,  massive 26 

5.  Coal,  Lower  Fieeport 

0.  Shales  and  concealed .'. 

7.  Bine  slate 4 « %... 

I  Bine  snndstone,  hard . .  61' 

Slate  and  saud^Uine ...  V 

Sandstone,  hard 78'  * 

Slate 2V 

Sandstone,  h^ M' 


33 
87 


\ 


0.  Slate,  bine 

10.  Sandstone 

IL  Slate.! 

12.  Sandstone,  white 

18.  Sandy  shale,  dark  bine 

14.  White  pebbly  sandstone,  top  of  No.  XIL 

Total 


3 

62 

3 
«0 

245 

83 

50* 
32 

15 

105 


688 


Colonel  Jordan  states  that  no  particular  search 
was  made  for  coal  here,  and  hence  seveiral  beds  may 
have  been  passed  unnoticed.  It  is  also  possible  that 
the  top  of  No.  XII  is  placed  about  100  feet  too  low 
by  the  section  above,  since  the  ordinary  driller  fre- 
quently neglects  to  note  changes  in  the  character  of 
the  strata  through  which  the  drill  passes;  hence  it 
is  quite  probable  that  a  considerable  thickness  of  No. 
13,  which  the  drillers  called  "sandy  shale,"  may  have 
been  really  the  top  portion  of  the  No.  XII  series. 

The  Freeport  sandstone,  No.  8,  exhibits  an  unusual 
development  here,  and  it  is  possible  that  the  lowest 
division  included  in  No.  8  is  not  really  a  member  of 
this  stratum,  but  belongs  lower  in  the  series. 

No.  10  is  probably  a  representative  of  the  Eittan- 
ning  sandstone. 
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Section' at  Diddnson  salt  workSj  Kanaicha  County ^  West-  Virginia,-^ 
lu  the  vicinity  of  Maiden,  6  miles  above  Charleston,  the  rapid  ri^e  of 
the  strata  on  the  northwestern  slope  of  the  Brownstown  anticlinal  has 

brought  nearly  all  of  the  Lower  Coal  Measnres  to 
the  snrface,  and  the  rest  of  the  column  is  supplied 
from  the  records  of  the  Edwards  gas  well  No.  2,  at 
the  Dickinson  salt  works.  The  combined  section 
reads  as  follows  (Fig.  113): 


65' 


65' 
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167' 
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65' 

10' 

% • 
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Fro.  113.—Seotion  at 
Dickinaon  an  It  works, 
Kanawha  County,  W. 
Va. 


Dickinson  salt  works,  Kanawha  County ,  W  st  Virginia, 

Ft 


Ft  in. 
4 

85 


6" 
«" 

6" 


5     6 


0'  5") 
0*  11"  > 
2'    1"> 


51 

651 

3>   163 

20-j 
60) 


3      5 


[See  map,  T  f.J 

1.  Coal,  Upper  Freeport,  slaty 

2.  Shales 5 

5.  Sandstone,  masaive 65 

4.  Shales 15 

I  Coal,  slaty 1' 
R«.ck C 
Coal 1' 
Shale C 
Coal,  slaty 1' 

6.  Shales 

7.  Sandstone,  massive 

8.  Sandy  shales,  with  iron  ore  nodules 

9.  Concealed 

10.  Sandaione,  massive 

CCoal,  rfaty 0' 

IL  Coal,  Upper  Kittanning  <  Slate,  hlabk  .. 

(Coal 

12.  Fire  olay,  sandy i. 

13.  Concealed 

14.  Sandstone,  massiye 130 

IK   r»^«i  (Cedar  Grove I 

***•  ^'**' i  Middle  Kittannlng i 

16.  Concealed,  and  shales 

17.  Sandstone ^ , 

18.  Sandy  a  hales 

19.  Limestone,  siliceoua,  Campbell's  Creek 

20.  Shales  and  sandstone 

Coal 2'    CM 

Shales 1'    2" 

Coal O'    4" 

Fire  chiy  and  shales  1'  10" 
Coal  and  slate O'    8" 

Coal 0'    10"  I  mm  m 

Slate C  2"^  ^^     ^ 

Coal 1'  9' 

Fire  clay  and  shales  7'  0" 

Coal,  alaty 0'  8" 

IMreclay 1'  2" 

LCoal 0'  3" 


**•■«• ««*S1 


30  > 


15) 

2 

10. 

35j 


167 


0     8 


83 


21.  Coal,  Canvnbeirs  Creek, 
Lower  Kittannlng . . . 


22.  Shales 

23.  Sandstone,  masaire 

24.  Couoealcd  in  bore  hole 

25.  Sandstone,  white 

26.  Shales 

27.  White  sandstone,  top  of  No.  XII. 


2 
25 

65  >  132 
30 
10  J 


ToUl -. 641     2 

This  section  would  seem  to  confirm  the  statement 
made  in  connection  with  the  Lick  Bun  boring,  viz, 
that  a  part  of  the  last  interval  given  there  should 
more  properly  be  credited  to  No.  XII,  the  next 
series  below  the  Lower  Coal  Measures. 

The  Campbell's  Creek,  or  Lower  Kittanning  coal, 
is  here  very  much  split  up  with  slate  and  shales, 
but  on  the  Maiden  side  of  the  Kanawha  it  is  a  good 
bed,  from  which  4  to  6  feet  of  coal  is  obtained  with 
only  the  two  parting  slates. 


This  is  the  type  locality  of  the  Campbell's  Creek  limestone  No.  19. 
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Section  near  Brownsioumj  West  Virginia, — ^^In  the  vicinity  of  Browns- 
town  and  near  the  Burning  Spring,  .9  miles  above  Charleston,  another 

gas  well  was  dialled  (Edwards  No.  1)  and  its  record 
combined  with  the  surface  exposures  in  that  vicinity 
give^  the  following  succession  (Fig.  114} : 
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Near  Brownsioumf  three  milee  south  from  Maiden, 

[S«e  map,  T  f.J 

IL  m. 


,.  2'  fl"> 
.20'  0"  V 
.  2'  4") 


1.  Coal,  Upper  Freeport,  slaty 

2.  Concealed ^ 10 

8.  Saodstooe,  masaiTe,  fn^y 95 

4.  Shalt^M,  and  ooDcealed 30 

5.  Sandstone, masaive, gray... >. 40 

0.  Sandy  shales,  and  concealed 25 

7.  •'^andstono, gray.micaceoaa m.. 160 

8.  Conoeided 16 

9.  Cotil  (Cedar  Grove),  Middle  Klttunoin;; 

10.  Concealf^d,  and  sandatone 

jLow«rKtt.)c„ri 

12.  Co.1.  i  cX&f|^~'"?.!^^.'^!. 
I      Creek.    J  ......•■ 

18.  Shales 3 

14.  Sandstone,  massive '. 25 

15.  Concealed .- 5 

16.  Coaly  shale 1 

17.  Fire  clay,  sandstone,  and  concealed 40 

]&  Coal,  Brownstown 

19.  Shales 5 

20.  Sandstone,  masaive 30 

21.  Sandy  shales  and  flagey  sandstone 35 

22.  Limestone,  siliceous,  Ferriferoas 

23   Shales,eandy 15 

24.  Slate,  black 0 

26.  Shales 7 

26.  Sandstone,  and  concealed 23 

27.  Coal.  Clarion  (Eagle) 

28.  Sandstone 25 

29.  Slate,gray .  8 

30.  Sandstone,  gray  40 

81.  Slate,  dark 25 

82.  White  sandstone,  top  of  Ko.  XIL 


FL  in, 
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3     4 
100 
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70 
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45     6 


y     98 


Total, 
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The  only  part  of  this  series  dependent  on  the  bore 
bole  record  is  the  last  100  feet,  or  that  from  the 
Glarion  coal  down,  the  rest  of  it  all  being  exposed 

above  the  bed  of  the  Kanawha  in  the 
region  of  Brownstown. 

By  comparing  this  with  the  Charles- 
ton section  (Fig.  Ill)  it  will  be  seen 
that  the  whole  column  has  thickened 
southward  at  the  rate  of  about  25  feet 
to  th6  mile.  It  will  also  be  observed 
that  with  this  thickening  a  new  coal, 
the  Brownstown,  makes  its  appear- 
ance in  the  series.  This  is  one  of  a 
local  group  of  two  or  three  coals  which 
appear  in  the  column  of  rocks  aroun  J 
the  southeastern  margin  of  the  co^ 
field  between  the  Lower  Kittanuing  bed  and  the  Ferriferous  limestone, 
which  would  seem  to  be  represented  by  No.  22  of  the  section.  These  coals 
are  of  little  economic  importance,  as  they  are  usually  thin  and  slaty. 


Kl 


25 


sa 


Fio.  114.— Section  near  Brownstown,  three 
milea  south  from  Maiden,  W.  Vn. 
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SecHon  at  mouth  of  Armstrong  Creekj  on  the  Big  Kanawha  River ^  Wat 
Firr/tnttt.— At  the  mouth  of  ArinstroDg  Creek,  25  miles  soatb  from 
GharlentoD,  the  whole  column  of  th^  Lower  Coal  Measures' is  above 
^  water  level,  aud  a  high  point  almost  vertically  above 
the  Kanawha  Biveir  catches  the  top  members  of  the 
same,  so  that  here  a  very  fine  exposure  of  the  series 
gives  the  following  structure  (Fig,  115) : 
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Mouth  of  Armstrong  Creek^  on  the  Big  Kanawha  Eiver, 

[Bee  map,  U  g.]  Ft.    Ftiai. 

1.  Coal.  Upper  Freeport 3 

2.  SaDflHtone, and  concealed <. 170} 

8.  SandfitoDe,  DiaMiTe 60  [ 
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Here  both  the  Lower  Kittanning  and  the  Clarion  coals  show  in  their 
structure  the  etfect  of  the  general  thickeuiDg  up  of  the  whole  column 
of  rocks.  Three  miles  north  from  this,  the  Clarion  or  Eagle  coal  is  a 
good  bed,  which,  with  its  partings  of  slate,  is  only  4^  feet  thick,  but  the 
partings  gradually  thicken  and  new  ones  come  in  till  the  structure 
shown  in  No.  24  is  obtained. 

A  small  coal  which  has  been  termed  the  Little  Eagle  comes  into  the 
section  in  this  region,  and  seems  to  have  a  wide  distribution  around 
the  southern  margin  of  the  coal  field.  It  is  a  very  pure  coal  and  may 
be  a  lower  member  of  the  Clarion  bed. 

.  The  Eagle  limestone,  No.  30,  was  named  from  a  mining  village  3 
miles  below  the  locality  of  tl^is  section,  where  it  is  finely  exposed  in  the 
cats  of  the  Chesapeake  and  Ohio  Railroad.  It  and  the  shales  below  it 
are  crowded  with  the  Lower  Coal  Measures  fossil8,-the  general  facies  of 
the  fauna  being  very  similar  to  that  found  in  connection  with  the  Fer- 
riferons  limestone  in  western  Pennsylvania,  bat  the  general  section  for- 
bids the  supposition  that  it  is  identical  with  the  latter.  At  one  time  £ 
entertained  the  idea  that  it  might  be  the  repreocntative  of  the  Patnam 
Hill  limestone,  of  Ohio,  but  a  closer  study  of  the  Ohio  section  renders 
that  hypothesis  untenable,  since  the  Putnam  Hill  bed  belongs  above 
the  Clarion  coal  and  not  below,  as  does  the  Eagle  limestone. 

No.  33  is  a  very  bituminoas  shale,  since  labricating  oil  waHs  once 
manufactared  therefrom,  and  it  may  possibly  represent  the  Brookville 
coal  of  Pennsylvania. 

A  comparison  of  this  section  with  those  on  the  other  side  of  the  Ap- 
palachian basin  at  Buchtel  (106)  and  Shawnee  (105)  will  show  the 
wonderful  expansion  of  these  beds  from  175  feet  at  the  latter  localities 
to  a  thickness  of  more  than  1,000  feet  at  Armstrong's  Creek,  and  the 

*   

same  thing  is  shown  graphically  in  map,  Section  C.  That  such  a  great 
expansion  of  these  measures  should  show  only  the  same  number  of 
workable  coal  beds  as  the  section  at  Shawnee  was  hardly  to  be  expected, 
but  it  is  true  beyond  question.  The  coal  beds  themselves  give  evidence 
of  this  great  expansion  of  the  general  column  in  the  slates  and  other 
impnrities  with  which  they  are  interstratified. 

The  Interval  (165  feet)  which  here  separates  the  Middle  and  Lower 
Kittanning  coal  beds  appears  excessive,  since  it  is  only  100  feet  a  few 
miles  below,  bat  there  can  be  very  little  donbt  of  the  figures  given,  and 
as  there  are  no  coal  beds  between  Nos.  7  and  17,  it  is  evident  that  No. 
7  must  be  the  Middle  Kittanning. 

The  top  member  of  the  Pottsville  conglomerate  is  in  the  bed  of  the 
Kanawha,  where  the  section  shown  in  Fig.  115  ends« 
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Section  at  Ouyandotte  Mountain^  Raleigh  County,  West  Virginia,^ 
That  the  Lower  Coal  Measures  keep  their  greatly  expanded  measure- 
ment on  southwestward  from  the  Kana^  ha  River  is  shown  by  the  fol- 
lowing section  (Fig.  116)  made  by  Captain  Miller,  chief  engineer  of  the 
Trans-Flat-Top  Land  Association.    It  begins  at  the  saromit  of  Guj- 

audotte  Mountain,  Baleigh  County,  West  Virginia, 
and  was  measured  along  the  turnpike  eastward  to  the 
foot  of  the  mountain : 
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It  is  possible  that  the  horizon  of  the  Upper  Preeport  coal  should  have 
been  placed  higher  than  the  section  shows,  since  the  coal  is  not  present 
and  the  place  given  it  is  only  a  surmise. 

Section  near  Oceanay  Wyoming  County^  West  Vtrg%nia»—ln  the  vicinity 
of  Oceana,  Wyoming  County,  West  Virginia,  and  the  neighboring  re- 
gion, the  Lower  Goal  Measures  present  the  following 
structure  (Fig.  117) : 
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No.  20  is  known  as  the  '*  coking  coal  ^  in  the  Wyoming  region,  since 
it  Las  the  typical  stractare  of  snch  coal,  and  looks  very  much  like  the 
same  (Eagle)  bed  on  the  Kanawha* 

The  Little  Eagle  bed  No.  22  is  also  very  good  coal  here,  and  its  in- 
terval below  the  main  seam  has  increased  from  20  to  t>5  feet. 
Section  at  mouth  of  Blaine  Creekj  Lawrence  County^  Kentucky. — In 

passing  southward  up  the  Big  Sandy  River,  at  the 
southwestern  line  of  West  Virginia,  the  Lower  Coal 
Measures  thicken  up  at  about  the  same  rate  as  tbey 
aoP  do  along  the  Kanawha,  as  will  be  seen  from  the  follow- 
so'  ing  sections.  The  first  one  (Fig.  118)  is  from  a  sur- 
face measurement,  combiniBd  with  the  record  of  Kig- 
don  gas  well  No.  2,  at  the  mouth  of  Blaine  Creek,  ..'0 
miles  above  the  mouth  of  the  Big  Sandy  Biver,  and 
reads  as  follows : 
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Fio.  11R.— Section  at 
mouth  of  Blaine 
Creek,  Ky. 
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For  the  carefully  kept  record  of  this  boring  I  am  indebted  to  Mr. 

F.  H.  Oliphant,  now  the  chief  geologist  of  the  South  Penn  Oil  Com* 
4?any. 
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Section  near  Old  Peach  Orchard^  Lawrence  County^  Kentucky. — In  tbe 
vicinity  of  Old  Peaoh   Orchard,  oa   the  Loaisa  fork  of  Big  Sandy 

Biver,  Kentacky,  tbe  surface  measarements,  com- 
bined with  the  records  of  oil  and  gas  borings  near  by, 
give  the  following  stracture  (Fig.  119) : 


f4r  *  •  •  •  •  I  •  t^ 


_GOaQJ>Sg? 


fM4-^M  ^ 
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The  place  of  the  Upper  Freeport  coal  here  is  deter- 
mined with  comparative  certainty  by  the  massive  Ma- 
honing sandstones,  which  come  in  above  No.  1,  and 
also  by  the  occnrrence  of  the  Mahoning  coal,  with  its 
characteristic  structure,  at  235  feet  above  the  Peach 
Orchard  bed,  and  135  feet  above  where  the  horizon  of 
the  Upper  Freeport  has  been  placed. 

No.  15  is  very  probably  a  *^  split''  from  the  Middle 
Eittanning  bed,  No.  18,  and  should  be  regarded  as 
a  part  of  the  latter. 

The  Lower  Eittanning  bed,  No.  22,  is  given  as  re- 
ported from  a  bore  hole  at  ^^  Old"  Peach  Orchard,  by 
Prof.  Shumard,  who  examined  the  drillings  at  the 
time  the  boring  was  made,  and  the  rest  of  the  section 
01  d^'  Peach*  ^r^  bclow  this  is  from  a  deep  boring  made  for  gas.  about 
chard,  Ky.              ^  miles  distant,  the  record  of  which  was  obtained  from 
Mr.  F.  H.  Oliphant,  the  civil  engineer  under  whose  superintendence 
the  deep  well  was  bored. 
Bull  65 10 
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There  has  been  mach  variance  of  opinion  among  geologists  who  have 
examined  the  Peach  Orchard  coal  bed  as  to  its  horizon  in  the  series, 
some  placing  it  as  far  dowD  in  the  column  as  the  Clarion  coal,  bat  this  sec- 
tion shows  that  it  is  either  the  Lower  Freeport  coal  of  the  Pennsylvania 

column  or  else  one  that  is  probably  a  ^^ split"  finom  the 
latter,  viz,  the  Winnifrede  bed  of  the  Kanawha  series. 
Section  near  Warfield,  Kentucky. — In  the  vicinity  of 
Warfield,  Kentucky,  opposite  the  line  of  Logan  Ooonty, 
West  Virginia,  and  60  miles  above  the  mouth  of  the  Big 
Sandy,  the  following  structure  (Fig.  120)  is  obtained  by 
combining  the  surface  observations  with  the  records  of 
of  the  Warfield  gas  wells : 

Warfield,  Keniudkiff  on  Tug  Fork  of  Big  Sandy  Bivei^, 
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Some  have  supposed  that  No.  3  of  this  last  section  is 
identical  with  the  Peach  Orchard  bed,  but  it  seems  to 
occupy  a  horizon  a  few  feet  below  the  latter,  and  I  have 
therefore  referred  it  to  the  Winnifrede  bed 
of  the  Kanawha  column. 

No.  19,  which  is  locally  known  as  the 
"Warfield  "  coal,  is  the  same  one  as  No.  22 
of  Section  119,  and  the  representative  of  the 
Lower  Eittanniu^  bed. 

The  "siliceous''  limestones,  Nos.  13  and 
21,  may  possibly  represent  the  Campbell's 
Creek  and  Ferriferous  beds  respectively. 
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Fio.  120.— Section  at  Warfield,  Ky., 
OB  Tng  Fork  of  Big  Sandy  Biver. 
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Section  on  Tug  Fork  of  Big  Sandy  River,  Logan  County,  West  Virginia.— 
fTear  the  month  of  Kqox  Greek,  &t  the  Bouthem  edge  of  Logan  CoaDty, 
50  miles  by  the  rirer  above  Warfleld,  the  foUoviiig  section 
(Fig.  121)  was  constraoted  on  the  West  Virginia  side  of 
Tag  Biver,  by  adding  to  the  npper  portion  of  the  section 
there  the  part  which  has  been  removed  by  erosion: 

lUf  Fwk  o/ Sig  Sandu  Sivtr,  %ear  vumtk  of  Kiua  Creek,  loulhanedgc 
ofLogm  Cowtty,  Wett  Firginia. 
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THZ  OFPBR  TIUtEPORT  COAL. 


As  may  beseen  by  thesections  jnst  given, 

a  very  Important  coal  bed  cornea  at  the 

gummitofthe  Lower  Coal  Ueasnree  column, 

and  marks  the  latter  off  from  the  Barrens 

above.    This  coal,  which  was  named  the 

Upper  Freeport  coal  by  Bogers,  has  a  very 

wide  distribntioD  in  the  Appalachian  field 

and  is  the  source  of  mnch  valuable  coal 

and  coke.    The  coal  is  not  entirely  persist- 

Sia.  m.-8eotioii  on  Toe  Fork  of  Big    cnt,  howcvcr,  being  frequently  too'  thin  to 

^^k,»lrtbeni*edK^™LopoCou^    mioe,  and  from  large  areas  it  is  absent  en- 

%y.  w.  Ta.  tirely,  though  its  horizon  in  the  measarea 

can  then  still  be  determined,  and  generally  without  much  diCBcnlty. 

The  bed  is  probably  more  regular  and  persistent  in  Pennsylvania  than 
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in  either  of  the  other  two  States  (Ohio  and  West  Virginia),  but  even 
there  it  is  not  always  foand  in  workable  condition,  being  thin  or  want- 
ing in  some  portions  of  nearly  every  coanty  where  its  ontcrop  extends. 

One  of  the  main  features  which  characterizes  this  bed  is  its  complex- 
ity, since  it  is  always  separated  into  two  or  more  benches  by  divisions 
,  of  slate.  This  complexity  of  strnctare  is  illustrated  at  the  type  locali^ 
(Section  G6),  and  so  far  as  the  writer  knows  it  is  never  entirely  absent 
anywhere  in  the  Appalachian  field,  whenever  the  bed  is  thick  enough 
to  mine.  These  parting  slates  vary  in  both  nnmber  and  thickness  in 
different  regions,  so  that  there  is  nothing  characteristic  about  them  over 
the  whole  field,  but  yet  in  any  particular  district  or  coal  basin  their 
nnmber  and  position  in  the  bed  are  quite  regular. 

Another  peculiarity  of  the  coal  is  that  it  nearly  always  cokes  well 
whenever  attaining  anything  like  its  normal  thickness  and  hence  in 
several  regions  is  locally  known  as  the  <^  coking  vein."  There  are  many 
districts  where  this  bed  will  produce  coke  but  little  if  any  inferior  to 
that  of  the  Pittsburgh,  in  the  famous  Connellsville  basin,  and  when  the 
latter  is  exhausted  the  next  source  of  supply  to  the  Pittsburgh  and 
Pennsylvania  region  generally  must  come  largely  from  this  horizon. 
Still  another  feature  of  this  coal  is  its  tenderness,  and  by  this  it  can 
often  be  distinguished  from  the  very  hard  Mahoning  coal  next  above 
(which  often  rivals  this  bed  in  size),  since  as  a  rule  the  coal  from  the 
Upper  F^reeport  horizon  does  not  bear  much  handling  without  breaking 
np  most  of  the  lumps,  although  they  often  come  out  of  the  mine  with 
large  size.  This  is  true  of  the  bed  everywhere  in  Pennsylvania  and 
West  Virginia  (except  in  the  southwestern  part  of  the  latter  State,  where 
it  is  often  a  splint  coal),  and  Prof.  Orton  reports  the  same  thing  as  char- 
acterizing it  all  over  the  Ohio  field. 

There  is  frequently  a  layer  of  impure  cannel  or  highly  bituminons  slate 
in  the  roof  of  this  coal,  and  in  the  Great  Kanawha  region  a  fine  deposit 
of  cannel  coal  occurs  at  this  horizon.  This  is  true  of  the  Cannelton 
locality,  but  whether  any  of  the  cannel  deposits  on  Goal  River,  south 
from  the  Kanawha,  belong  at  this  same  geological  level  is  as  yet  unde- 
termined, since  the  latter  have  not  been  sufiiciently  studied,  though  the 
flora  would  indicate  that  the  Peytona  deposit  belongs  at  the  horizon 
of  the  Upper  Kittanuing  coal. 

The  several  sections  that  have  already  been  given  (Nos.  50-121),  in- 
dicate the  structure  of  the  Upper  Preeport  bed  in  many  regions,  but 
there  remain  others  where  it  is  equally  important,  and  some  of  these 
will  now  be  given. 

Section  at  McCoy  shafts  near  Gallitzin^  Cambria  County  y  Pennsylvania. — 
Some  large  coke  plants  have  recently  been  put  into  operation  on  this 
bed  along  the  line  of  the  Pennsylvania  Railroad  and  its  branches  on 
the  summit  of  the  Alleghany  Mountains  in  Gambria  and  Glearfield 
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Pt.   to. 
6      5 


Counties.    At  the  McCoy  shaft,  near  6allitzin,.the  coal  has  the  follow- 
log  structure,  accordiug  to  the  superiniendeDt's  statement: 

Ft  to. 

^  Black  slate  and  bone  coal 0  8^ 

Coal 4  0 

61ate,  gray 0  2 

Coal 1  0 

Slate : 0  3 

Coal 0  4 

Section  near  eastern  end  of  old  Portage  Railroad  tunnel,  at  Oallitziny 
Pennsylvania. — Near  the  eastern  end  of  the  old  Portage  Eailroad  tun- 
nely  at  Gallitzin,  the  coal  is  well  exposed,  and  there  shows  as  follows: 

Ft, 

Coal 0 

Dark  slate  and  bony  coal 0 

Coal 3 

Slate,  gray 0 

Coal 1 

Slate  and  slaty  coal 0 

According  to  Messrs.  Chance  and  Piatt,  this  coal  is  bnt  poorly  repre- 
sented in  the  present  mining  regi«  ns  of  Clearfield  and  Jefferson  Coun- 
ties, Pennsylvania,  bnt  it  is  possible,  as  already  suggested  in  connec- 
tion with  section  88,  that  in  some  cases,  at  least,  the  Upper  Freeport 
coal  may  have  been  erroneously  refeired  to  the  horizon  of  the  Lower 
Freeport. 

Section  at  Mount  Uquity  mine,  Bedford  County f  Pennsylvania. — ^In  the 
Broad  Top  field  this  coal  is  finely  developed  in  Bedford  Countjy,  where 
it  is  known  as  the  <'  Kelly  seam,"  and  exhibits  the  following  structure  at 
the  Mt«  Equity  mine,  according  to  Stevenson,  Report  T',  Second  Geo- 
logical Survey  of  Pennsylvania,  page  62: 
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Although  this  bed  is  so  well  developed  in  Bedford  County,  yet  when 
followed  northward  into  Huntingdon,  only  10  miles  distant,  it  thins 
away  to  only  1  foot  or  even  less. 

Followed  southward  from  Cambria  County  along  the  Alleghanies, 
this  coal  becomes  quite  thin  and  slaty  in  Somerset,  and  where  the  bed 
enters  Maryland  near  the  northern  end  of  the  Georges  Creek  basin,  it 
is  only  3  to  4  feet  thick  and  quite  slaty,  there  being  a  layer  of  bony, 
worthless  coal,  1  foot  thick,  just  above  the  middle. 
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This  poor  condition  of  the  bed  seems  to  be  maintained  soothward 
along  tlie  Georges  Creek  ba8in  to  Piedmont  (Section  92)  and  up  the 
North  Potomac  (Section  93)  to  near  its  source  (Section  94)  before  the 
coal  becomes  valuable  again,  since  there  the  whole  bed  thiokens  up  to 
8  feet,  and  is  estensively  mined  at  Thomas,  on  the  West  Virginia  Cen- 
tral Railroad,  in  spite  of  the  fact  that  2  feet  of  bony,  worthless  coal  still 
remains  near  the  center  of  the  bed. 

In  the  Ligonier  basin  of  Westmoreland  and  Fayette  Counties,  Penn- 
sylvania,  Prof.  Stevenson  reports  this  bed  of  inferior  quality,  being 
filled  with  knife  edges  of  slate  and  containing  too  much  sulphur  for  the 
manufacture  of  coke,  though  it  often  has  a  good  thickness.  This  con- 
dition of  affairs  is  continued  southward  along  the  Ligonier  basin  into 
Preston  County,  West  Virginia,  until  we  begin  to  approach  the  vicin- 
ity of  Cheat  Biver,  when  a  great  change  takes  place  in  the  character 
of  the  coal,  the  sulphur  and  thin  slates  disappearing  and  the  whole  be- 
coming a  most  valuable  coking  coal. 

Section  at  Posters  bank,  near  Masontown,  Preston  County^  West  Vtr- 
ginia. — ^The  section  at  Mr.  Posten's  bank,  2  miles  from  Masontown, 
Preston  County,  shows  the  following  structure : 

Pt.  in. 

Coal,  Slaty .* 1 

Coal,  good 3 


"1 

3 


81ate,gray 0      3  I  ^  *^ 

Coal,good 13^^^ 

Shale 0    10 

Coal,good 3     -0 

This  is  near  the  center  of  the  basin,  and  the  coal  is  there  thicker 
than  the  average. 

Section  at  Hartley^s  bank^  near  Masontown,  Preston  County^  Went  7lr- 
ptnia. — The  following  from  the  side  of  the  trough  near  Masontown,  at 
Mr.  Hartley's  bank,  will  better  represent  the  average  thickness  of  this 
coal  in  the  Preston  basin : 

Ft.  In. 

Slaty  coal 1      Z^ 

Coal, good 3      5  I 

Shale,  gray 0     2  ^  ^^  «"^ 


Coal.good 1      3 

Shale,  gray 1 

Coal,  good 


■  "I 


The  first  parting  below  the  top  is  usually  called  the  ^'little"  slate, 
while  the  next  one  is  known  as  the  ^'  big''  slate. 

This  is  the  same  coal  that  has  long  been  coked  for  the  manufacture 
of  iron  at  Irondale,  Ppeston  County,  and  also  near  Austin,  on  the  Balti- 
more and  Ohio  Railroad.  At  both  of  these  localities  the  coal  below 
the  '^  big  "  slate  is  not  taken  out  on  account  of  the  expense  of  mining 
the  latter. 

Southward  from  the  Baltimore  and  Ohio  Railroad  this  bed  again 
splits  up  with  numerous  slate  partings,  and  when  it  comes  out  to  day- 
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light,  on  the  Valley  Biver,  at  Philippi,  the  coal  is  4  feet  thick,  but  so 
slaty  as  to  be  almost  valaeless,  and  only  20  to  25  feet  above  the  Lower 
Freeport  coal. 

Section  at  Wilsovfs  mine^  Roaring  Creek^  Randolph  County^  West  Vir- 
ginia.— Sooth  ward  firom  Philippi  it  increases  in  thickness,  and  when  we 
come  to  the  eastern  side  of  the  Belington  basin  the  bed  has  a  total 
height  of  10  to  15  feet^  and  is  locally  known  as  the  Bearing  Greek  vein. 
Its  structure  there  is  shown  by  the  following  section  at  Mr.  William 
Wilson's  mine,  in  the  northern  edge  of  Bandolph  Oonnty,  and  aboat  1 
mile  east  from  the  Valley  Biver,  at  the  month  of  Bearing  Creek : 


Coal,  elaty,  impure 1 

Shales,  dark * 2 

Coal,  *' apper  bench '^ 2 

Slate  and  bony  coal 1 

Coal,  "breast" 3 

Slate,  gray 0 

Coal,  *'mininK ply" 1 

Clay  and  slate 0 

Coal,  "  bottom,"  slaty 1 


Ft  in. 
6 
0 
8 
3 
1 
6 
8 
4 
0 


Feet. 
14 


At  some  localities  the  ^<  bottom  ^  and  '^  mining  ply  "  benches  form  one 
layer  of  coal  3  to  4  feet  thick,  but  as  a  rule  the  ^*  bottom  "  portion  is 
slaty  and  worthless,  while  the  "mining  ply''  and  the  '*breasf  layers 
furnish  very  good  fuel,  the  "  upper  bench"  being  frequently  slaty  and 
otherwise  impure. 

Followed  still  farther  southward  along  the  eastern  side  of  the 
Appalachian  field,  through  Bandolph,  Upshur,  Lewis,  Webster,  Nich- 
olas, Fayette,  Kanawha,  Lincoln,  Cabell,  and  Wayne  Counties,  West 
Virginia,  this  coal  bed  presents  the  features  shown  in  the  sections  given 
below. 

Section  on  Stone  Coal  J2un,  Upshur  County j  West  Virginia, — ^In  Upshur 
County,  10  miles  west  from  the  Bearing  Creek  region,  the  Upper  Free- 
port  coal  is  exposed  on  Stone  Coal  Bun,  a  tributary  of  the  Big  Sandy, 
which  empties  into  the  Buckhannon  Biver.  Here  the  following  struct- 
ure is  visible : 

Ft.  in. 

Black  slate! 2  6 

Coal 1  0 

Bony  coal 0  8 

Coal 2  0 

Blackslate , 3  0 

Coal 1  0 

Gray  slate 4  6 

Coal 1  5^ 

Slate,  dark 1  4 

Coal 1  10 

Slate,  dark 0  5  ^ 

Coal,slaty 0  5 

Slate,  gray 0  6 

Coal 1  5. 


<M  Ft.  in. 
o    14 


8^ 


I 

Ft* 
>22 


a 
a 


7    4 
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Upper  Freeport  oosl 


This  is  the  locality  of  the  celebrated  << 22-foot''  coal  bed  of  Upslmr 
Coanty.  The  detailed  stractare  above  given  does,  indeed,  exhibit  a 
bed  of  this  enormoas  thickness,  bat  it  is  so  split  np  with  slate  as*  to  be 
practically  worthless. 

SeGtian  on  the  Buckhannon  River j  Up  hur  County.  West  Virginia. — Still 
farther  west  from  this,  on  the  main  Backhannou  River,  one-foarth  of  a 
mile  above  Grassy  Ban  and  9i  miles  from  Buckhannon  town,  in  a  cat 
on  the  West  Virginia  and  Pittsbargh  Bailroad,  the  following  section  is 
exhibited : 

Feet 

Massive  sandatone  (Lower  Mahoning) • 35 

fCannel  slate.-..  12'    0"^ 

Coal 2'    0"! 

Shale 2'    cr—  ^^ 

Coal r    0'\ 

Graj  shale 3 

Concealed 10 

Massive  sandstone  in  bed  of  Backhannon  Riyor 5 

Here  thccoal  has  almost  entirely  disappeared  in  the  great  mass  of 
cannel  slate  at  the  top,  which,  of  coarse,  contains  a  large  quantity  of 
bituminons  matter. 

Section  at  Lloyd  Wamsley*8  hank^  Upshur  County^  West  Virginia. — About 
10  miles  south  from  the  last  locality  we  come  to  an  area  of  this  coal  be- 
ttreen  the  main  Backhannon  Biver  and  its  middle  fork,  where  it  has 
regained  a  structure  more  nearly  normal,  viz: 

rt  in. 

Cannel  slate 0  7 

Coal 2  7 

Slate,  black 0  4 

Coal 0  8 

Shale,  gray 0  8 

Coal,  soft 1  7 

Mr.  Bryants  bank^  one  half  mile  northwest,  exhibits  the  following: 

Ft  in. 

Cannel  slate 0      6 

Coal 2      0 

Bony  coal 0      6 

Coal 3      0 

Section  at  Current's  farnij  Upshur  County^  West  Virginia. — A  few  miles 
sO'ith  of  this,  near  the  Randolph  County  line  this  coal  passes  into  the 
air  on  the  land  of  Mr.  Gurrent,  where  it  exhibits  the  following: 

Ft.    in.       Ft  in. 


Sandstone 

Coal 1  0^ 

Slate,  blae 2  2 

Coal  0  2 

Clay 0  IQ 

Coal 0  6 

Sandrock 1  0 

Coal,  visible  1  0, 


25 


>     6   d 
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Section  near  Hacker^ 8  Valley  P.  0.,  Webster  County^  West  Virginia. — 
Southward  from  this,  through  the  edge  of  liaiidolph,  the  coal  has  been 
enxied  by  the  waters  of  the  BackbanuoD,  bat  beyoud  Helvetia  and  the 
Florence  Pass  we  come  to  an  elevated  platean,  from  which  the  Buck- 
hanuon,  Little  Kanawha,  and  Holly  (a  tributary  of  the  Elk)  liivers  all 
take  their  rise,  and  here,  in  Webster  Gouuty,  7  miles  northeast  from 
Hacker's  Valley  post-office,  we  oatch  an  outlier  of  this'  coal  with  the 
following  structure : 

Ft  Sn. 

Bony  coal 0  6 '\ 

Coal.good 1  3  I    ^'"• 

Bonycoal 1  2|    ^    ^ 

Coal,  good 2  8, 

Section  on  the  Little  Kanawha  Biver^  Lewis  County^  West  Virginia. — 
About  10  miles  northwest  from  this  last  locality  the  same  coal  exhibits 
the  following  structure  (according  to  William  S  Stevenson)  in  the  hills 
along  the  Little  Kanawha  River,  where  the  left  branch  of  that  stream 
cuts  across  the  panhandle  of  Lewis  County: 

Ft  In. 

Slaty  coal 6    0^ 

Coal,  hard 2    8  !  ^  *»• 

Slate 0    8[    ^    ^ 

Coal,8ofter 1    8, 

Section  on  the  Holly  Biver,  Webster  County,  West  Virginia.-^ln  the 
summit  of  the  hills  near  Anderson's  mill,  on  the  left  branch  of  Holly 
Kiver,  Webster  County,  we  find  the  Upper  Freeportcoal  with  the  foliow- 
^'ng  structure  on  the  land  of  Mr.  Marcum  Cougar: 


Ft   in. 

Coal,hard 3    2 

Sh»te,dark 0    4 

Coal,  Boft 1    4 

Bonycoal 0    4 

Coal,  soft 1    8 


Ft  in. 
6  10 


Section  at  PotoeU  Mountain,  Nicholas  County,  West  Virginia. — To  the 
southwest  firom  this  there  are  no  more  openings  on  this  coal  until  we 
come  to  Powell  Mountain,  in  Nicholas  County,  although  a  <<  7-foot " 
bed  of  coal  is  frequently  "  reported''  in  the  hills  where  the  Upper  Free- 
port  ought  to  be  found.  But  in  Powell  Mountain  it  has  been  mined 
for  a  long  time  on  the  Weston  and  Gauley  Bridge  turnpike,  where  it 
exhibits  the  following  structure: 

Ft  in. 
Coal,  bloBBom 

Shalefl,gray 10  0       Ftin. 

CoalBplinty 2    0  >  14    3 

BlackBlate 0    3 

Coal,  splinty 2    0 

Here  the  character  of  the  coal  bepfins  to  change  to  the  hard,  splinty 
variety  which  distinguishes  the  coals  ot  the  Kanawha  Valley. 
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Ft.  in. 
>  12    10 


Section  an  Stroud  Creek,  Nicholas  Qmnty^  West  Virginia. — A  few  miles 
east  from  this,  on  the  waters  of  Stroad  Creek,  this  bed  shows  the  follow- 
ing section  on  the  land  of  Dr.  D.  M.  Levris : 

It.  in. 

Cannel 0    5 

CoaliSpllat 4    0 

Soft^eoal 0    4 

Blackslate 0    1 

Coal 0    6 

Black,  coaly  slato 0    <3 

Grayslate 3    0 

Coal,  soft 1  10 

Clay 1    0 

Coal,  soft 0  10 

Slate 0    1 

Coal 0    3, 

Sections  on  Mumble  the  peg  GreeJc,  Nicholas  County^  West  Virginia. — On 
Mnmble-the-peg  Creek,  half  way  between  Powell  Mountain  and  Nicho- 
las Coart-Honse,  we  find  an  opening  in  the  Upper  Freeport  coal  on 
the  land  of  Mr«  Herold,  where  it  shows  the  following  structure: 

Ft.  in. 
1    6 


Ft.  in. 
}  13    10 


Ft  in. 
7      4 


Coal 

Shales 5  0 

Cannel 0  8 

Coal,  splinty 2  6 

Slate,  black 1  8 

Coal,  splinty •....  2  6, 

At  another  bank,  300  yards  west  from  the  last,  the  following  is  seen: 

Ft  in. 

Coal,  blossom 

Shale,  gray 2  0 

Bony  cannel 0  6 

Coal,  splinty 2  1 

Slate,  black 0  3 

Coal,  splinty 2  6 

* 

At  this  locality,  as  well  as  in  Powell  Mountain  and  on  Stroud  Creek, 
a  very  good  quality  of  splint  coal  is  obtained  from  this  bed. 

From  Nicholas  Court- House  on  southwestward  to  the  Great  Kanawha 
Eiver  no  openings  have  been  examined  along  the  crop  of  this  coal,  but 
at  Cannelton,  in  Fayette  County,  we  find  it  a  valuable  bed  of  cannel 
coal  with  a  thickness  of  1^  to  4  feet,  while  2  to  2^  feet  of  bituminous 
coal  rests  immediately  on  the  latter. 

Two  miles  below  Cannelton,  at  the  mouth  of  Upper  Creek,  the  bed 
thickens  to  11  feet,  but  the  layers  of  coa)  are  so  interstratified  and 
diluted  with  slate  and  muddy  sediment  that  the  whole  is  worthless.  A 
few  miles  farther  down  the  Kanawha,  at  East  Bank  and  Crown  Hill,  a 
portion  of  this  great  bed  becomes  the  excellent  splint  coal,  3  to  4  feet 
thick,  which  is  mined  at  those  localities,  but  farther  down  this  river 
the  bed  again  becomes  impure  and  remains  practically  worthless  from 
Coalburg  on  down  until  it  disappears  under  the  river  at  Charleston. 
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West  from  the  Kanawha  we  have  no  information  about  this  coal  antil 
we  reach  the  Gayandott«  River  in  Gabell  and  Lincoln  Counties,  but  it 
is  possible  that  some  of  the  Coal  River  cannel  belongs  at  this  horizon. 

Section  an  the  Ouyandotte  River j  Cabell  County,  West  Virginia, — On  the 
Gayandotte  River  the  Upper  Freeport  coal  rises  above  water  level  about 
two  miles  above  the  '^  Falls  Dam."  It  is  first  opened  and  mined  at  the 
mouth  of  Stone  Coal  Run,  where  it  exhibits  the  following  structure: 

Ft    in. 

Coal 0      4^ 

Slate 0      2      Ft.  in. 

Coal 0      7>    3      6 

Slate  and  bony  canuel 0'    9 

Coal,  visible 1      8, 

Another  opening  a  short  distance  up  the  run  gives  the  following: 

Ft.  in.      Ft.   in. 

Massive  sandstone....  25      0 

•  Cannelslate 1  0 'J 

Slate , 0  3^53 

Coal,  good 4  oj 

This  latter  section  very  probably  belongs  immediately  on  top  of  the 
first  opening,  since  the  interval  between  the  two  banks  is  concealed. 

The  coal  is  known  in  this  region  as  the  "  big  bed,"  On  the  Caldwell 
tract,  opposite  Camp  Branch,  this  coal  exhibits  the  following  section  in 
the  bluff  overlooking  the  Guyandotte : 

Ft.  in. 

Sandstone,  visible 10    0 

Coal,  slaty — 

Coal ,. 

Slate  

Coal 

Slate 

Coal 

Shale (y  9" 

Coal 0'  8'' 

Slate 0'  6" 

tCoal 3'  0") 

As  will  be  perceived,  the  coal  contains  much  slaty  material  and  the 
layers  of  coal  themselves  are  inclined  to  be  bony  and  impure,  approach- 
ing the  type  which  this  bed  exhibits  in  the  vicinity  of  the  Kanawha 
Mining  Company's  plant  on  the  Big  Kanawha  River. 

Sections  on  Cove  Creeh.  Wayne  County,  WestVirginia. — As  we  pass  from 
the  Guyandotte  in  Lincoln  County  westward  across  the  divide  to  the 
waters  of  Twelve  Pole,'  a  great  change  takes  place  in  the  Upper  Free- 
port  bed,  and  on  Cove  Creek  we  find  it  split  into  two  portions  with  30 
feet  of  rock  between,  and  the  lower  bench  a  fine  quality  of  cannel  coal 
3  to  4  feet  thick  at  some  openings. 


CoaJ,  Upper  Freeport..  ^ 


V  0"^ 

V  &' 

2'  0" 

0'  'Z" 
C  9" 


..  10    5 
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At  another  locality  the  following  is  seen  : 

Ft    in. 

Coal  bloBSom , 2      0^ 

Shales  and  sandstone 30      0  j  Ft.  In. 

SUle (y  &'^  >36    10 

Coa1,spHnt 1' 8"  ! 

Canuel,  good T  4"  [    ""•  *    ^"  -* 

Coal,  bony 1'  4" J 

On  the  opposite  side  of  Gove  Greek  we  see: 

Ft.  In. 


Massive  sandstone 

Coal 

0 

6  ^ 

Aate 

0 

4 
6 
0 

Ft.   in. 

Coal 

1 

r  ^    ^ 

Cannel 

3 

J 


From  this  point  a  belt  of  cannel  coal  at  the  horizon  of  this  Md  ex- 
tends in  a  general  westerly  direction  nearly  across  Wayne  County,  being 
found  on  all  ot  the  main  branches  of  Twelve  Pole.  It  is  possibly  identi- 
cal with  the  celebrated  Moses  Fork  cannel  and  other  cannel  deposits 
in  Kentucky.  This  belt  of  cannel  varies  much  in  width,  but  it  is  often 
2  or  3  miles  across,  and  while  the  bed  is  not  entirely  persistent,  it  is 
seldom  less  than  20  inches  thick.  It  is  quite  pure  and  will  compare 
favorably  with  the  celebrated  Elanawha  cannel,  which  comes  at  the  same 
geological  horizon. 

On  the  left  branch  of  Twelve  Pole,  one-half  mile  above  the  mouth  of 
Brush  Greek,  this  cannel  coal  shows  )ei>s  follows : 

Ft   In. 

Massive  sandstone 

Coal,  bitominous 0  10  ^  ^^ 

Rock,  dark 0  8^4 

Cannel 2  6  j 

a 

■ 

On  Little  Laurel^  a  branch  of  Hezekiah  Greek  (tributary  of  the  left 
fork  of  Twelve  Pole),  the  cannel  exhibits  the  following: 

Ft.   In. 

Sandstone 

Coal,  bitnminoas 1      0^ 

Bone  coal 0      8  I  ^5"  ^ 

Cannel 3      1  f    ^     ® 

Bonecoal • 1      8  J 
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Feet. 
27 


On  Sc^w  Pit  branch  of  Gove  Greek  the  following  section  was  meas- 
ured: 

Ft.  in. 

Coal,  blossom 2    0) 

Sandstone , ; 25    0  > 

Coal 0    e^ 

Slate,gray 0    1 

Coali  bitnminons , 1    3 

Cannel , 1 

Coal,  splint  1 

Slate  and  slaty  coa  1 0 

Coal 0 

Slate 0 

Coal,snlint 0    ^ 

Slate.blue.. 0    5 

Coal,splint 1    6^ 


7 
0 
5 
5 
2 


8 


In  Sugar  Camp  Hollow^  a  short  distance  above  Jesse  Queen's,  the 
Upper  Freeport  coal  exhibits  the  following  structure: 


Ft  in. 

Sandstone,  massive 

Coal 2  4 

Slate 0  2 

Coal,  splint 1  2 

Slate,  gray 0  4 

Coal 0  2 

Slate,  gray 0  4 


Coal,  splint 


0    8  r 


Ft  In. 
8    11  ^ 


Slate,  gray 0    4 

Coal 1    6 

Slate,dark - 0    9 

Coal 0    7 

Slate 0    6 

Coal...- 0    1^ 

Sbaly  sandstone 15 

Coal 1 


Ft  to. 
25    5 


On  Trough  Greekj  near  James  Eainey's,  this  coal  exhibits  the  fol- 
lowing: 

Ft.  In. 
Massive  sandstone 


Cannel  slate 0 


Coal,  splinty I    9^3 

Slate 0    1 

Coal,  splint ^ 10^ 

Flaggy  sandstone  and  shale 15 

Cannelslate 0    8  "» 

Coal 2    1 

Slate 0    2 

Coal 0  10 

Shale,  gray 0    6 

Coal 2    1 


Ft  to. 
3^ 


0 


Ft  in. 
>    24    7 


}    G      4 


-sj 
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At  Oreene  Porter%  od  the  rigjbt  bank  of  Twelve  Pole,  the  Upper 
Freeport  bed  shows  the  following: 


Ft.  in. 

Coal 1  0 

Clay 0  5 

Shale  and  coal 0  9 

Coal 1  10 

Booy  coal  and  slate 1  0 

Coal 1 2  4 


Ft.  in. 
>    7    4 


*  From  this  point  on  west  to  the  Kentucky  line  on  the  Tag  River  noth- 
ing is  known  of  the  Upper  Freeport  coal,  and  at  Warfield  it  seems  to 
be  absent  from  the  section,  bat  this  may  possibly  be  dae  to  the  fact 
that  its  horizon  there  overtops  the  sammit  6f  the  hills. 

In  western  Pennsylvania  there  are  large  areas,  especially  in  Beaver 
Goanty,  where  this  coal  is  either  absent  or  else  too  thin  to  mine;  so  it 
enters  Ohio  not  as  a  persistent  bed,  but  occurring  in  patches,  and  this 
characteristic  seems  to  remain  with  it  there,  from  the  Pennsylvania  line 
entirely  across  the  State  to  the  Keutacky  border  at  Ironton. 

Even  along  the  Ohio  Biver  from  the  Pennsylvania  line  down  to  where 
this  bed  dips  below  the  same,  it  is  generally  absent,  and  Prof.  Orton 
thinks  it  is  still  absent  in  the  Steabenville  shafts,  the  coal  mined  there 
being  the  Lower  Freeport  bed,  instead  of  the  Upper  Fi^eeport  as  was 
formerly  supposed. 

In  eastern  Ohio  it  is  known  as  bed  No.  6  in  the  Ohio  scheme  of  num- 
bers, bnt  in  other  portions  of  the  State,  as  Prof.  Orton  has  shown,  it 
was  often  called  No.  7.  The  following  list  of  Ohio  names  for  this  bed 
will  indicate  regions  in  that  State  where  the  bed  becomes  prominent: 
"Big  Vein"  of  Salinesville,  "Dell  Roy,"  "Cambridge,"  "Alexander," 
"Bay  ley's  Run,"  "  Norris,"  "  Happy  Hollow,"  "Waterloo." 

Section  near  Kenova^  West  Virginia. — After  passing  beneath  the  Ohio 
River  above  Steabenville,  this  bed  never  emerges  from  the  same  until 
within  2  miles  of  the  Kentucky  line,  and  if  the  Steubenville  shaft 
coal  be  the  Lower  Freeport,  then  the  Upper  one  is  absent  over  a  wide 
region  along  the  Ohio  River,  for  it  appears  to  be  absent  in  several  bor- 
ings, notably  at  Parkersburg  and  Pomeroy.  It  is  reported  from  a  boring 
at  Huntington,  however,  as  10  feet  thick,  though  where  it  comes  up  to 
the  level  of  the  Chesapeake  and  Ohio  Railroad  at  the  east  end  of  the 
Big  Sandy  bridge,  10  miles  below  Huntington,  the  bed  is  worthless, 
as  shown  by  the  following  structure  there :  ^ 

Ft 

Coal 1  \ 

Shale 3  ^ 

Coal,  slaty 1  J 


Ft 
5 
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Section  in  Ritchie  County^  West  Virginia. — ^Wbere  this  bed  is  broa^bt 
to  the  surface  on  the  Volcano  anticlinal  in  Eitchie  County,  West  Vir- 
fl^inia,  it  has  the  following  structure,  according  to  Stevenson : 

'  Ft.  in. 

Coal 2  6^  pt  In. 

Sandstone,  gray 3  6  S.    6     8 

Coal 0  8  J 

THIS  UPPER  FRERPOBT    UMESTONB. 

Below  the  coal  just  described,  at  an  interval  which  varies  from  0  to 
40  feet,  there  comes  a  limestone  which  was  named  from  the  same  local- 
ity as  the  coal.  It  is  quite  generally  distributed  in  Pennsylvania,  north- 
em  West  Virginia  and  Ohio,  but  in  the  southwestern  part  of  West 
Virginia  it  appears  to  be  absent,  since  it  has  never  been  reported  from 
the  region  along  the  Big  Eanawha  and  its  tributaries,  nor  from  the 
region  between  that  and  the  Big  Sandy. 

The  limestone  is  usually  of  a  light  gray  color  on  fresh  fracture,  but 
some  of  the  layers  are  always  huffish  when  weathered,  owing  to  in- 
cluded iron.  Frequently  the  rock  presents  a  brecciated  aspect,  as  if 
made  from  the  broken  fragments  of  an  older  limestone. 

Fossils  are  rare  in  this  bed  except-a  minute  univalve  which  looks  as 
if  it  might  be  of  fresh  water  origin.  Some  layers  of  this  stratum  gen- 
erally contain  a  considerable  amount  of  carbonate  of  magnesia,  and 
occasionally  enough  to  constitute  it  a  good  rock  for  the  manufacture  of 
hydraulic  cement 

The  thickness  varies  firom  1  foot  up  to  30  feet  as  a  maximum,  though 
the  average  might  be  placed  at  5  to  8.  It  makes  an  excellent  lime  for 
fertilizing  purposes,  and  is  much  sought  after  to  enrich  the  barren  soil 
lands  above,  though  it  is  occasionally  mined  for  use  in  blast  furnaces, 
as  on  the  Alleghany  Biver  between  Freeport  and  Eittanning,  where  it 
is  unusually  thick. 

In  Ohio  this  bed  has  been  given  several  names,  as  ^'Shawnee," 
"White,^"Buchtel,'^etc.  There,  also,  as  in  Pennsylvania  and  West 
Virginia,  it  occasionally  becomes  iron-bearing  and  some  or  all  of  its 
layers  develop  into  iron  ore,  which  is  known  in  Ohio  as  the  ^^Buchtel" 
ore,  and  in  Pennsylvania  as  the  *^  Summit"  ore. 

THE  BOUVAR  FIRE  CLAT. 

When  the  Upper  Freeport  limestone  is  absent,  or  but  slightly  rep- 
resented, there  occasionally  comes  into  the  section  at  its  horizon  a  bed 
of  excellent  fire  clay,  which  from  having  long  been  mined  near  Bolivar, 
Westmoreland  County,  Pennsylvania,  is  generally  known  as  the  Bolivar 
clay.  As  there  developed  it  shows  a  fine  quality  of  non-plastic  clay 
which  is  used  in  the  manufacture  of  fire  brick  and  gas  retorts.  It  also 
occurs  in  several  other  regions  of  Westmoreland  (Jouuty,  as  well  as  in 
Fayette  and  other  Pennsylvania  counties. 
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Tbis  clay  has  beeu  reported  as  valuable  at  only  two  or  three  points 
in  Ohio,  viz,  in  Jefif'ersou  and  Mnskingum  Ooanties,  while  in  West  Vir- 
ginia it  is  known  to  be  valuable  in  only  one  region,  viz,  ou  Deckers 
Greek,  in  Preston  and  Monongalia  Counties. 

THE  UPPER  FBBEPOBT  SANDSTONE. 

As  a  rule  the  main  port  ion  of  the  interval  between  the  Upper  and 
Lower  Freeport  coals  is  occupied  by  sandy  shales  or  thin  flaggy  layeis 
of  sandstone,  separated  by  shales,  but  occasionally  a  bed  of  massive 
sandstone  makes  its  appearance  at  this  horizon  and  it  has  received  the 
name  of  Upper  Freeport  Sandstone.  It  is  quite  prominent  in  some  por- 
tions of  Pennsylvania,  but  appears  to  be  generally  absent  in  Ohio.  It 
is  also  conspicuous  along  the  Great  Kanawha  and  in  all  the  region  of 
West  Virginia,  southwest  from  there,  sometimes  attaining  a  thickness 
of  75  feet,  while  in  Pennsylvania  it  is  seldom  more  than  30  feet. 

When  this  sandstone  is  not.  present  as  a  massive  rock  there  occasion- 
ally occurs  a  thin  bed  of  coal  in  the  interval  between  the  Upper  and 
Lower  Freeport  coals,  and  I  have  termed  it 

THE  MIDDLE  FREEPORT  COAL. 

This  bed  is  shown  in  Section  66  at  the  typical  Freeport  locality,  and 
as  already  stated  in  connection  therewith,  its  presence  in  other  sections 
may  have  led  to  some  confusion  in  identifications.  It  is  not  a  regular 
meipber  of  the  series,  however,  and  is  probably  never  much  thicker  than 
at  Freeport,  viz,  2  feet. 

The  interval  between  the  Upper  and  Lower  Freeport  coals  varies 
greatly  in  thickness,  running  up  sometimes  to  80  and  again  thinning 
away  to  20-odd  feet,  as  shown  in  Section  65. 

THE  LOWER  FREEPORT  GOAL. 

This  bed  is  quite  as  variable,  or  even  more  so  than  the  Upper  Free- 
port  above.  The  rule  is  that  whenever  one  of  these  beds  has  a  fair 
development  the  other  is  poor  or  worthless,  but  in  addition  to  tbis  un- 
certainty, they  are  both  frequently  thin,  or  practically  absent  from  the 
section  at  the  same  time,  so  that  no  one  should  look  upon  any  of  these 
coal  beds  as  being  continuously  valuable  over  wide  areas. 

As  shown  in  Section  66  at  the  type  locality  of  this  bed,  it  is  even 
more  complex  in  its  structure  than  the  Upper  Freeport  above,  being 
split  into  two  well  defined  layers  separated  by  a  stratum  of  clay  and 
limestone.  It  is  quite  probable  that  this  di\iiding  layer  may  at  times 
thicken  up  greatly  as  all  other  rocks  do,  and  separate  the  two  layers  of 
coal  by  an  interval  of  several  f^et,  thus  making  two  apparently  distinct 
coal  beds,  but  which  should  really  be  classed  as  members  of  one. 

If  Messrs.  Ohance  and  Piatt  are  correct  in  the  identifications  of  the 
Lower  Freeport  coal  in  Jefiferson  and  Clearfield,  there  are  large  areas 
in  both  of  these  counties  where  this  coal  is  quite  valuablci  since  it  is  4 
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to  7  feet  thick  and  of  excellent  quality,  though  it  is  always  separated 
into  two  or  three  benches  by  partings  of  slate.^ 

The  upper  portion  of  the  Lower  Freeport  bed  often  has  a  tendency 
to  become  oanuelly,  as  at  Freeport,  and  some  highly  bituminous  shale 
is  frequently  present  at  this  horizon,  even  when  the  coal  is  absent. 

Another  very  fine  development  of  the  Lower  Freeport  coal  is  in  the 
vicinity  of  Fairmont,  Clarion  County,  Pennsylvania,  where  according  to 
Chance  it  is  5  to  7  feet  thick  without  any  partings,  and  furnishes  an 
excellent  quality  of  gas  coal,  as  it  does  in  the  Eeynoldsville  region  of 
Jefferson  County. 

In  Ohio  the  reputation  of  the  coal  as  a  patchy  deposit  is  fully  sus- 
tained, since  Prof-  Orton  says  of  it  (Vol.  V,  p.  166,  Ohio  Geological 
Survey),  ^'this  is  a  seam  the  horizon  of  which  can  be  followed  through- 
out the  entire  field,  but  which  becomes  workable  at  comparatively  few 
points." 

In  eastern  Ohio  it  is  called  No.  5,  but  in  Stark  County  and  southwest- 
ward  it  is  known  as  No.  6a,  while  the  synonyms,  ^' Whan"  "Steuben- 
ville  Shaft,"  "Roger,"  "Hamden  Furnace,"  and  "Hatcher"  indicate 
localities  where  the  bed  becomes  important. 

If  the  "  Steuben ville  Shaft"  bed  really  represents  this  coal  instead  of 
the  Upper  Freeport,  then  there  is  quite  a  large  field  of  it  along  the  Ojiio 
River,  for  it  is  found  of  good  thickness  in  every  boring  as  far  south  as 
Moundsville,  West  Virginia,  where  it  underlies  the  Ohio  by  more  than 
6(H)  feet 

Section  near  Fhilippij  Barbour  County^  West  Virginia. — In  Preston, 
Monongalia,  Mineral,  and  Tucker  Counties,  West  Virginia,  this  bed  is 
quite  thin  and  often  absent  entirely,  so  it  is  not  mined  till  we  go  south 
into  Barbour  County,  where  it  thickens  up  and  in  the  vicinity  of  Phil- 
ippi  exhibits  the  following  structure: 

Coal .... 

Slate...:.; 

Coal *. 

Slate  and  coal • 0 

Coal 

Nothing  is  known  of  the  Lower  Freeport  from  Philippi  on  southwest- 
ward  along  the  eastern  margin  of  the  Appalachian  field  until  the  Great 
Kanawha  River  is  reached,  except  in  the  Roaring  Creek  field,  where  it 
is  only  2  feet  thick  and  25  feet  below  the  upper  bed. 

But  from  the  fact  that^his  coal  becomes  one  of  the  principal  beds  in 
the  Kanawha  region,  and  from  there  on  south  westward  into  Kentucky, 
it  is  inferred  that  it  is  also  a  valuable  bed  at  some  points  between  Phil- 
ippi and  the  Big  Kanawha. 

On  this  latter  stream  the  Lower  Freeport  appears  to  be  the  parent  of 
two  valuable  beds  known  respectively  as  the  Coalburg  and  Winnifrede 
veins.  The  former  certainly  belongs  to  this  horizon,  and  the  latter 
Bull.  65 11 
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probably  does,  though  formerly  I  was  incliaed  to  refer  it  to  the  horizon 
of  the  Upper  Eittanning.  The  Lower  Goal  Measures  thicken  np  so 
greatly  in  that  region,  however,  and  the  intervals  separating  the  Coal- 
barg  and  Winifrede  beds  from  the  top  of  the  series  and  from  each  other 
vary  so  mnch  that  it  seems  more  probable  they  are  both  members  of 
the  complex  Lower  Freeport  coal.  The  Ooalbarg  and  Winifrede  beds 
are  themselves  complex,  being  always  separated  into  two  or  three 
benches  by  layers  of  very  hard  slate  or  bony  coal  locally  known  as 
^'nigger  head."  They  usually  furnish  the  variety  of  coal  known  as 
^'splint,"  and  the  Kanawha  ^'splint"  is  highly  prized  as  a  general  do- 
mestic fuel.  These  two  beds  are  quite  irregular  in  their  thickness  and 
one  or  both  are  often  too  thin  to  mine,  but  they  appear  to  be  mnch  more 
regular  and  persistent  southwest  from  the  Kanawha  than  the  Upper 
Freeport,  since  they  furnish  valuable  coal  clear  across  to  the  Big  Sandy 
Biver,  the  celebrated  Peach  Orchard  coal  of  Kentucky  coming  at  the 
horizon  of  either  the  Coalburg  or  Winifrede  bed,  or  both  combined. 
This  latter  view  is  the  more  probable,  since  at  the  tunnel  near  the  New 
Peach  Orchard  mine  the  coal  is  seen  splitting  up  till  it  is  scattered 
through  more  than  40  feet  of  rock  material. 

Section  of  bed  at  Coalburg,  Kanawha  County,  West  Virginia. — ^The 
following  section  shows  the  variations  in  the  structure  of  the  Coalburg 
bed  at  its  typical  locality : 

Splint  coal 6   in.  to  10   ft. 

"Nigger  head** 4   in.  to   8   in. 

Splint  coal 2^  ft.  to    31ft. 

Shale 1    ft.  to    8   ft. 

Softooal 1     ft.  to    lift. 

Section  at  Winifrede,  Kanawha  County,  West  Virginia. — ^The  struc- 
ture of  the  Winifrede  coal  at  Winifrede  is  as  follows: 

Ft  in. 

Gray  splint 0  •  5  ^ 

Softooal t 0    5 

Graysplint 0    3 

Softooal 0    3 

Graysplint 1    2 

Softooal 1    3 

Slate 0    5 

Softooal 1    8 

I  do  not  know  of  any  locality  in  the  Kanawha  Valley  where  both  the 
Winifrede  and  Coalburg  beds  are  mined  one  above  the  other  in  the 
same  hill,  for  when  one  is  good  the  other  happens  to  be  worthless,  and 
this  is  so  constantly  true  that,  were  it  not  for  the  fact  that  the  Coal- 
burg bed  is  only  100  feet  below  the  Kanawha  black  flint  while  the  Win- 
ifrede seam  is  175  to  200  feet  below  the  same  datum  line,  I  would  be 
strongly  inclined  to  believe  that  they  were  one  and  the  same  coaL 

Section  at  mouth  of  Blaine  Creek,  Lawrence  County,  Kentucky. — In  de- 
scending the  Big  Sandy  Eiver  the  Lower  Freeport  sinks  below  water 
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level  at  the  month  of  Blaine  Greek^  6  miles  below  Lonisa,  where  it  ex- 
hibits the  following  straoture : 

Ft.   in. 
Massive  saudstone ^ 

Coal 0 

Fireclay 5 

Sandy  shale 2 

Coal 0 

Shale  witli  iron  ore 1 

Coal,  slaty 1 

Shale,  blue 1 

Coal 1 

THE  LOWER  FREKPORT  LIMESTONE. 

The  conditions  preceding  the  spread  of  a  great  coal  marsh  seem  to 
have  been  eminently  fitted  for  the  production  of  limestx>ne  deposits, 
especially  in  the  Pennsylvania  and  Ohio  regions,  for,  with  few  excep- 
tions, a  limestone  is  foand  close  under  every  coal  bed,  and  this  is  trne 
of  the  Lower  Freeport  horizon.  This  limestone  very  much  resembles 
the  one  under  the  Upper  Freeport  coal,  except  that  it  is  usually  thinner 
and  more  earthy.  It  also  contains  the  same  univalve  fossil,  and  no 
others,  so  far  as  the  writer  is  aware,  thus  showing  that  it  too  is  a  fresh- 
water deposit.  It  contains  a  considerable  quantity  of  carbonate  of 
magnesia  and  occasionally,  as  at  the  locality  of  Section  103,  furnishes 
material  for  the  manufacture  of  hydraulic  cement. 

Considerable  iron  ore  is  also  found  at  this  horizon,  and  the  limestone 
is  generally  of  a  huffish  cast  from  the  disseminated  iron.  From  this 
fact  it  and  the  Upper  Freeport  limestone  above  are  generally  called  the 
''  buff  ^  limestones  in  southern  Ohip. 

In  West  Virginia  this  limestone  has  not  been  recognized  anywhere 
in  the  northern  part  of  the  State,  and  it  is  certainly  absent  entirely 
along  the  Great  Kanawha.  An  impure  limestone  is  sometimes  found 
in  connection  with  the  Peach  Orchard  coal  of  Kentucky,  which  is  pos- 
sibly identical  with  the  Lower  Freeport. 

THE  LOWER  FREEPORT  SANDSTONE. 

The  next  lower  stratum  that  has  a  general  distribution  over  the  Appa- 
lachian field  is  known  as  the  Lower  Freeport  sandstone.  Section  60 
shows  the  thickness  and  structure  of  this  sandstone  at  its  typical 
locality^  and  there  it  is  seen  to  be.  double,  with  a  coal  embedded  in  its 
lower  portion,  the  whole  being  62  feet  thick.  That  the  15  feet  of  sand- 
stone under  the  coal  at  Freeport  belongs  properly  with  the  main  sand- 
stone above  is  known  from  the  fact  that  at  one  locality  the  coal  is  seen 
disappearing  entirely  and  then  the  two  beds  of  sandstone  unite  into 
one  solid  mass. 

This  rock  is  always  of  a  grayish  white  color,  generally  quite  hard 
often  containing  pebbles  as  well  as  much  feldspar,  which  decomposing 
permits  the  rock  to  disintegrate  readily  and  weather  into  fantastic 
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shapes.  It  is  more  persistent  as  a  massive  rock  than  the  Mahoning 
even,  but  anlike  the  latter  it  is  seldom  ased  for  building  purposes. 
This  is  owing  to  its  hardness,  coupled  with  the  fact  that  it  will  not 
stand  the  weather  well,  and  also  it  is  often  so  gnarly  and  twisted  in  its 
bedding  that  it  will  not  split  evenly. 

This  sandstone  is  never  less  than  30  feet  thick  in  the  Pennsylvania 
region,  and  ic  frequently  rises  to  75  and  even  100  feet  in  some  localities, 
making  a  bold  clifi'  or  bluff  wherever  its  outcrop  is  above  drainage,  and 
thus  becoming  a  conspicuous  feature  in  the  topography  of  the  Lower 
Goal  Measures. 

Throughout  a  large  portion  .of  Beaver  County,  Pennsylvania,  this 
sandstone  is  75  to  80  feet  thick,  and  near  its  center  is  a  very  hard 
calcareo-siliceous  layer  2  or  3  feet  thick,  which  may  possibly  represent 
the  Johnstown  Oement  limestone  in  other  portions  of  the  State. 

The  sandstone  maintains  about  the  same  thickness  throughout  east- 
ern Ohio  as  in  Beaver  County,  and  continues  on  around  to  southern 
Ohio  with  a  thickness  of  30  to  50  feet. 

It  enters  West  Virginia  from  Pennsylvania  as  a  very  massive  bed, 
50  to  75  feet  thick  in  Monongalia  and  Preston  Counties,  while  in 
Tucker,  Taylor,  Barbour,  and  Bandolph,  it  is  still  thicker  and  more 
pebbly  even  than  the  I^ottsville  conglomerate.  South  westward  through 
Bandolph,  Webster,  Braxton,  and  Clay,  this  sandstone  keeps  on  increas- 
ing in  thickness,  and  when  the  Big  Kanawha  is  reached  it  has  swelled 
out  in  a  wonderful  manner,  becoming  250  to  300  feet  thick,  and  remain- 
ing the  same  across  to  the  Big  Sandy,  often  crowning  the  hills  and 
ridges  with  cliffs  weathered  into  turreted  and  chimney-shaped  forms. 
When  attaining  this  immense  thickness  it  often  consists  of  three  or  four 
sandstones,  with  shales  and  two  or  three  coal  beds  interstratified. 

This  rock  has  produced  a  small  quantity  of  oil  at  Fairview,  Marion 
County,  West  Virginia,  and  is  generally  known  as  the  "gas  sand,^  in 
the  drillers'  parlance,  since  it  often  produces  considerable  quantities  of 
natural  gas. 

THE  UPPER  KITTANNING  COAL. 

Throughout  several  counties  of  Pennsylvania  a  third  bed  of  good 
coal  occurs  at  80  to  120  feet  below  the  top  of  the  series,  and  to  this 
Messrs.  Chance,  Piatt,  and  other  Pennsylvania  geologists,  have  given 
the  name  Upper  Kittanniug,  though  the  bed  in  question  is  not  work- 
able at  Kittanning  or  anywhere  near  that  town,  as  may  be  seen  from 
Sections  60-66  along  the  Alleghany  Eiver,  since  it  is  thin  and  unim- 
portant in  that  region.  The  Messrs.  Piatt  at  one  time  identified  this 
coal  with  the  Lower  Freeport  bed  in  Cambria,  Clearfield,  and  Jefferson 
Counties,  calling  the  coal  which  is  now  termed  Lower  Freeport  there 
the  Middle  Freeport,  and  it  is  barely  possible  that  this  first  arrange- 
ment of  the  stratigraphical  order  was  the  correct  one  in  many  regions, 
since,  as  already  shown  (see  66),  there  is  a  Middle  Freeport  co^l  even 
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at  Freeport,  aYid  in  addition  the  Lower  Freeport  bed  is  itself  so  com- 
plex that  either  half  of  it  mi^ht  at  any  time  separate  from  the  other 
and  both  become  independent  beds. 

But  however  the  questions  sugg:ested  may  turn  out,  the  fact  remains 
that  at  many  localities  in  Pennsylvania,  at  least,  there  are  three  dis- 
tinct coal  beds  between  the  Ferriferous  limestone  and  the  Lower  Free- 
port  coal,  as  shown  in  Sections  64,  65,  and  66. 

Westward  in  Ohio,  however,  the  Upper  Kittanning  coal  appears  to 
be  either  wanting  ehliirely  in  most  cases  or  else  coalesced  with  the 
Middle  Kittanning  bed,  since  Prof.  Orton  finds  no  place  for  it  as  a  reg- 
ular member  of  the  Ohio  series,  but  puts  it  down  as  a  synonym  for  the 
Lower  Freeport  seam.    (See  Vol.  V,  p.  126,  Ohio  Survey.) 

In  West  Virginia  the  Upper  Kittanning  bed  first  appears  in  the  sec- 
tions along  the  Tygart's  Valley  River  (96  and  97),  where  it  is  2  to  3^ 
feet  thick,  and  a  rather  fair  coal ;  but  it  appears  to  be  absent  entirely 
in  the  Newburg  shaft,  Preston  County,  unless  it  is  combined  with  the 
Middle  Kittanning  there,  while  in  the  Korth  Potomac  basin  near  Davis 
it  is  represented  by  a  mere  streak.  In  the  Kanawha  field  two  or  three 
thin  beds  come  at  this  horizon,  and  one  of  them  is  frequently  cannel, 
and  the  same  horizon  can  be  recognized  on  the  Guyandotte  Eiver,  in 
Wyoming  County  (Section  117). 

Chance  says  that  it  is  the  main  cannel  horizon  in  Pennsylvania,  the 
New  Bethlehem,  North  Washington,  and  Murrinsville  cannel  deposits 
coming  at  this  horizon.  If  the  Darlington  cannel,  of  Beaver  County, 
comes  at  this  same  horizon,  then  the  interval  separating  the  Upper 
and  Middle  Kittanning  beds  hii«  there  thinned  entirely  away,  and  thus 
brought  the  two  into  direct  contact.  This  might  well  be,  since  the  Dar- 
lington cannel  rests  directly  on  2  feet  of  bituminous  coal,  below  which, 
through  a  shale  interval  of  30  feet,  comes  the  undoubted  Lower  Kit- 
tanning coal,  underlaid  by  its  great  bed  of  fire  clay.  This  would  account 
for  the  absence  of  the  coal  in  Ohio,  if  it  really  does  unite  with  the  Mid- 
die  Kittanning  before  crossing  the  Pennsylvania-Ohio  line. 

This  bed  appears  to  attain  its  greatest  importance  in  Pennsylvania, 
along  the  eastern  border  of  the  coal  field  through  the  counties  of  Jef- 
ferson, Clearfield,  Cambria,  and  Somerset,  where  it  has  been  fully  de- 
scribed by  Messrs.  Piatt  and  Chance.  The  general  sections  already 
given  show  the  horizon  and  structure  of  this  bed  at  numerous  points, 
so  that  no  further  description  of  it  is  necessary. 

THE  JOHNSTOWN  (CEMENT)   LIMESTONE. 

Lying  only  2  to  5  feet  below  the  coal  just  described,  there  occurs,  over 
a  wide  region  in  Pennsylvania,  a  bed  of  magnesian  limestone,  which  Mr. 
Franklin  Piatt  named  the  Johnstown  Cement,  from  its  occurrence  at  the 
city  of  Johnstown,  Cambria  County.  It  is  almost  an  exact  counter- 
part of  the  Lower  Freeport  limestone  of  the  counties  farther  west  in 
physical  aspect,  chemical  composition,  fossils,  and  everything  else,  and 
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this  is  one  of  the  facts  which,  taken  in  connection  with*  the  entire  ab- 
sence of  this  limestone  in  the  western  tier  of  counties  and  in  Ohio,  has 
sometimes  led  to  the  suspicion  that  possibly  the  Johnstown  Cement 
and  the  Lower  Freeport  limestone  of  Butler  and  Beaver  Counties  are 
identical.  Still  there  are  other  facts  of  stratigraphy  which  appear  to 
forbid  such  an  hypothesis,  and  hence,  until  it  can  be  shown  otherwise 
by  more  positive  demonstration,  we  must  accept  the  stratigraphical 
horizon  given  the  Johnstown  Cement  first  by  Messrs.  Piatt,  whose 
labors  moved  it  up  from  the  horizon  of  the  Ferriferous  limestone,  to 
which  the  First  Oeologica)  Survey  of  Pennsylvania  had  erroneously 
assigned  it.  The  stratum  ranges  in  thickness  from  1  to  8  feet,  and 
when  it  is  5  feet  or  more  some  of  the  layers  often  make  good  lime  for 
agricultural  or  other  purposes ;  but  when  the  bed  is  only  1  to  3  feet 
thick  it  is  usually  too  impure  to  slake  well.  This  stratum  has  not  been 
recognized  at  any  point  within  West  Virginia  with  which  the  writer  is 
familiar,  and  it  thus  appears  to  be  generally  absent  from  the  series  in 
that  State. 

THE  MIDDLE  KITTANNING  COAL. 

Whatever  uncertainty  may  exist  concerning  the  exact  horizon  of  the 
coal  which  has  just  been  described  under  the  name  of  Upper  Kittan- 
ning,  there  is  none  with  reference  to  the  next  lower  bed,  for  it  is  such 
a  constant  member  of  the  series  that  its  relations  to  the  other  rocks  are 
seen  in  nearly  every  section.  This  bed  was  formerly  called  the  Upper 
Kittanning,  until  Messrs.  Piatt  and  Chance  discovered  that  the  coal 
last  described  was  a  member  of  the  Kittanning  group,  and  then  the 
coal  in  question  wa-s  lowered  to  the  name  of  Middle  Kittanning. 

In  the  vicinity  of  Kittauning  (Section  63),  and  aloug  the  Alleghany 
Eiver  below  (Sections  64,  65,  and  66),  this  bed  is  thin  and  unimportant, 
but  west  from  this  it  thickeus  up  and  is  the  most  important  seam  in 
Butler,  Lawrence,  and  Beaver  Counties,  the  coal  being  quite  pure  and 
highly  esteemed  for  gas,  steam,  and  domestic  purposes,  though  it  sel- 
*  dom  exceeds  4  feet  in  thickness,  and  is  often  much  less.  This  is  the 
famous  *' Clinton,"  "Rock  Point,''  and  *'Hog  Hollow'' coal  along  the 
Beaver  River.  It  is  always  divided  by  one  or  more  thin  slate  partings, 
one  of  which  is  usually  near  the  bottom. 

Eastward  from  Butler  County,  through  Armstrong,  Clarion,  Jeffer- 
son, and  Clearfield,  this  bed,  according  to  Piatt  and  Chance,  declines 
much  in  thickness  and  value,  so  that  it  is  seldom  mined,  except  occa- 
sionally for  domestic  purposes. 

Still  farther  eastward,  however,  in  the  Broad  Top  coal  field  of  Hunt- 
ingdon and  Bedford  Counties,  it  thickeus  up  and  is  apparently  repre- 
sented by  the  "Barnet"  coal  of  that  region. 

Southward  from  Pennsylvania,  in  Maryland  and  northern  West 
Virginia,  this  coal  is  sometimes  thick  enough  to  mine,  though  seldom 
exceeding  2^  to  3  feet.    At  the  southern  end  of  the  Korth  Potomac 
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coal  basin  it  practically  unites  with  the  Lower  Kittanning  below,  and 
is  mined  with  the  latter  where  that  bed  is  opened  near  Thomas ;  bat  at 
the  Davis  mine,  further  south,  the  parting  slates  have  thickened  up  to 
20  feet  and  separated  it  from  the  Lower  Kittanning  again. 

Section  at  Newburgj  Preston  County^  West  Virginia. — In  the  deep 
shaft  at  Newburg,  Preston  County,  West  Virginia,  this  coal  has  the 
following  structure  and  relations  to  other  beds : 

L  Lower  Freeport  sandBtone • 

.  Vt      in. 

rCoal 1        0^ 

«   ^    ,  ,,...^,    «...      Slate 0       3|pt.  in. 

'      2.  Coal,  Middle  Kit-  '  Coal,8laty 2       0^73 

^^^'^i^* I  Clay 9       0 

icoal,  good 2       0^ 

3.  Fireclay  and  shales...! 15    0 

4.  C6al,  Lower  Kittanning,  with  several  partings 9    5 

Here  it  is  possible  that  both  the  Upper  and  Middle  Kittanning  beds 
are  represented  in  No.  2,  and  they  are  only  15  feet  above  the  Lower 
Kittanning  coal. 

In  the  Oreat  Kanawha  field,  this  bed,  although  only  3  to  4  feet  thick, 
is  very  pure  and  valuable,  being  known  there  under  the  names  of  ^^ Ce- 
dar Grove,"  "Trimble,"  "Amo,"  and  others. 

In  the  Wyoming  County  section  (117)  two  beds  are  often  found  at 
this  horizon,  separated  by  20  feet  of  shales,  but  the  lower  one  appears 
to  be  the  main  coal.  The  same  thing  is  seen  in  the  Peach  Orchard 
section  (119),  where  the  lower  one  is  a  ^*  splint"  coal,  thin,  but  of  excel- 
lent quality. 

In  Ohio  this  coal  becomes  the  most  important  bed  of  all  the  coals  in 
that  8tate,  according  to  Prof.  Orton,  since  it  is  almost  constantly  work- 
able from  where  it  enters  Columbiana  County  on  the  east  to  where  it 
leaves  the  State  near  Ironton  at  the  southwest.  The  numerous  names 
it  has  received  in  Ohio  will  serve  to  illustrate  its  importance  in  the 
mining  industry  there,  of  which  the  following  is  a  partial  list:  "  Ko.  4, 
in  Ohio  and  Yellow  Creek  Valleys  at  the  east;  "  No.  6,"  in  Stark  County 
and  southwestward; "  Hammondsville  Strip  Vein,"  "  Onasburg,"  "  Pike 
Eun,"  "  Dennison,"  "  Coshocton,"  "  Upper  Zanesville,"  "  Upper  Kew 
Lexington,"  " Nelsonville,"  •' Straitsville,"  "Great  Vein"  of  the  Hock- 
ing Valley,  "  Carbondale,"  "  Mineral  City,"  "  Upper  Zaleski,"  "  Wash- 
ington Furnace,"  "  Sheridan,"  etc. 

The  tracing  of  this  bed  through  Ohio,  and  its  identification  at  many 
points  where  it  had  formerly  been  confused  with  other  beds,  is  due 
largely  to  the  labors  of  Prof.  Orton,  the  present  eflScient  director  of  the 
Ohio  Oeological  Survey.  The  structure  of  the  coal  where  it  attains  a 
considerable  thickness,  as  in  the  Hocking  Valley,  is  always  quite  com- 
plex, there  being  several  parting  slates,  as  may  be  seen  from  Sections 
105  and  106. 


Ft.  in. 
U    8 


Ft. 
!^      10 
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Section  in  Hocking  Valley^  Ohio. — The  following,  from  Vol.  V,  Obio 
Geology,  will  serve  to  illustrate  the  general  structure  of  this  bed  when 
at  its  maximum  development: 

Ft  in. 

Top.coal 2  7 

Soft  coal,  rejected t)  4 

Coal 4  2 

Bone  coal,  rejected 0  6 

Second  elate 0  2 

Coal 1  6 

First  slate :  0  1 

Coal 2  4 

Section  at  New  Straitsville^  Perry  County. — The  following  is  the  struc- 
ture at  New  Straitsville,  p.  954,  loc.  cit.: 

Ft  in. 

Coal 1  2 

Bouecoal 0  2 

Coal 4  0 

Softcoal 0  4 

Slate 0  3 

Coal 2  1 

Slate 0  1 

Coal 1  11^ 

According  toOrton  this  bed  changes  in  character  from  a  good  coking 
coal  in  eastern  Ohio  to  an  open-burning  one  from  New  Lexington  soath- 
westward.  The  reader  will  find  the  coal  fully  described  in  Vol.  V,  Ohio 
Geology. 

The  interval  separating  the  Middle  Kittanning  coal  from  the  Lower 
Kittanning  bed  varies  greatly  both  in  thickness  and  composition  in  the 
different  regions  of  the  Appalachian  field.  In  western  Pennsylvania 
and  eastern  Ohio  the  interval  is  usually  only  20  to  30  feet  and  generally 
occupied  with  dark  slates  or  shales  holding  iron  nodules,  and  it  seldom 
surpasses  40  feet  anywhere  in  Pennsylvania,  while  in  northern  West 
Virginia  it  locally  thins  away  to  an  insignificant  parting,  but  to  the 
sonthwestward  in  the  Great  Kanawha  region,  and  from  there  across  to 
the  Big  Sandy,  it  often  swells  up  to  100  feet  and  occasionally  attains  a 
thickness  of  165  feet  (Section  115),  with  some  massive  sandstone  at 
several  horizons.  In  southwestern  Ohio  a  massive  sandstone  30  to  40 
feet  thick  often  occupies  the  interval  to  the  exclusion  of  shales. 

In  the  Great  Kanawha  region  a  siliceous  limestone  makes  its  appear- 
ance in  this  interval  and  seems  to  have  quite  a  wide  distribution  in  that 
region  and  sonthwestward  to  the  Big  Sandy.  It  is  well  exposed  near 
the  mouth  of  Campbell's  Greek,  and  I  have  designated  it  the  Campbell's 
Creek  limestone  from  that  locality.  This  stratum  seems  to  be  present 
even  in  northern  West  Virginia,  since  in  Sections  95  and  96,  at  Moats- 
ville  and  Valley  Falls,  respectively,  a  bed  of  siliceous  limestone  occars 
20  feet  above  the  Lower  Kittanning  coal. 

Along  the  Tug  Fork  of  Big  Sandy  there  are  siliceous  limestones  at 
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several  horizons  above  the  Oampbell's  Greek  bed,  as  shown  in  Section 
119,  there  being  two  and  sometimes  three  within  the  horizon  of  the 
Lower  Freeport  sandstone,  so  that  these  mnst  not  be  confonnded  with 
the  one  in  question. 

The  bottom  layers  of  this  shale  interval  immediately  above  the  Lower 
Kittanning  coal  are  nearly  always  filled  with  fossil  plants.  They  occnr 
in  great  variety  and  abundance  wherever  the  rock  material  in  the  roof 
of  the  underlying  coal  is  a  shale,  and  this  is  the  horizon  par  excellence 
for  the  collector  of  plants  from  the  Lower  Goal  Measures. 

These  beds  have  been  thoroughly  explored  at  only  one  locality  in  the 
Appalachian  field,  viz,  Gannelton,  Beaver  Gounty,  Pennsylvania,  where 
Mr.  L  F.  Mansfield  has  collected  systematically  for  Prof.  Lesquereux 
during  several  years,  the  results  of  which  axe  recorded  in  Beport  P, 
Vols.  I  and  IT,  Second  Geological  Survey  of  Pennsylvania.  The  list 
includes  a  large  number  of  species,  several  of  which  are  peculiar  to 
that  locality. 

THK  LOWER  KITTANNING  COAL. 

The  next  lower  bed  of  this  series,  though  formerly  named  simply 
the  Kittanning  coal  by  Sogers,  is  now  called  the  Lower  Kittanning. 
Although  seldom  attaining  any  unusual  thickness,  it  is  probably  the 
most  persistent  bed  in  the  entire  Appalachian  field,  and  has  a  workable 
thickness  over  a  larger  area  than  any  other.  In  Pennsylvania  it  lur- 
nishes  from  3  to  4  feet  of  valuable  fuel  over  large  areas  in  every  county 
where  its  outcrop  is  due.  Of  course,  like  all  other  coals,  it  thins  down 
locally  and  becomes  worthless  over  considerable  areas,  but  the  barren 
patches  on  the  horizon  of  the  Lower  Kittanning  bed  are  .fewer  and 
smaller  than  those  at  the  horizon  of  any  other  coal  in  the  entire  .Lower 
Goal  Measures.  If  the  Middle  Kittanning  is  the  more  important  coal 
in  Ohio,  the  Lower  surpasses  it  in  Pennsylvania  and  West  Virginia, 
so  that  the  difference  in  favor  of  the  former  in  Ohio  is  much  more 
than  offset  in  the  latter  two  States.  This  coal  is  also  a  composite  seam, 
and  when  it  acquires  considerable  thickness  is  often  split  into  several 
divisions  by  separating  slates.  In  the  Pennsylvania  field  these  slates 
are  usually  mere  knife  edges,  and  add  but  little  to  the  total  thickness 
of  the  bed,  except  in  the  eastern  portion  of  the  field,  where  in  Glear- 
field,  Bedford,  and  Huntingdon  it  often  has  a  layer  of  impure  fire  clay 
or  gray  shale  separating  the  bottom  member  from  the  middle  one. 

^e  ^<  Fulton  vein "  of  the  Broad  Top  field  appears  to  be  identical 
with  this  coal,  though  the  writer  was  formerly  inclined  to  regard  it  as 
identical  with  the  Glarion  (see  T',  Second  G-eological  Survey  of  Penn- 
sylvania), and  bed  ^^A"  of  the  Tipton  Bun  series  is  probably  the  same. 

The  "  Bloss  vein"  of  Tioga  Gounty  seems  to  be  referable  to  this  same 
horizon  both  with  reference  to  structure  and  its  position  in  the  column 
of  rocks  (Sections  50  and  51). 

In  the  Georges  Greek  field  of  Maryland  this  is  often  known  as  the 
^<  6-foot '^  bed,  and  its  structure  there  is  given  in  Section  92,    From  Elk 


Ft  in. 
9    5 
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Garden  southward  along  the  ^orth  Potomac  to  where  this  bed  passes 
under  drainage  level,  near  G-orman,  it  is  so  badly  split  up  with  dlate  as 
to  be  rather  valueless,  but  where  it  emerges  to  daylight  again  on  the 
other  side  of  the  Cheat-Potouiac  divide,  near  Thomas,  it  has  become  a 
splendid  vein  nearly  11  feet  thick,  as  shown  in  Section  94,  from  which 
G  feet  of  excellent  coal  is  mined  without  taking  out  the  bottom  member. 
As  already  stated,  the  bed  attains  its  great  thickness  in  this  region  by 
.  the  thinning  away  of  the  shales  which  usually  separate  the  Middle  and 
Lower  Kitta^nning  beds,  thus  permitting  the  two  practically  to  unite 
into  one.  The  coal  from  it  here  is  prized  for  smithing  purposes  quite 
as  highly  as  the  celebrated  Blossburg  bed,  with  which  it  appears  to  be 
identicaL  It  has  also  been  successfully  coked  in  this  Tucker  County 
field,  since  it  is  nearly  always  a  good  coking  coal  everywhere* 

Section  at  Newburg^  Preston  County^  West  Virginia. — In  the  deep  shaft 
at  Newburg,  Preston  Oounty,  West  Virginia,  the  Lower  Kitlanning  has 
the  following  structure: 

Vt.  la. 

Coal 0  10^ 

Shale,  gray 0  10 

Coal: 0    6 

Bonycoal - 0    3 

Coal , 4    6 

Blackslate 0    6 

Coal 2    0  ^ 

Sections  95  and  96  show  the  structure  of  this  bed  where  it  is  brought 
to  the  surface  by  the  Chestnut  Ridge  anticlinal,  on  the  Tygart's  Valley 
River,  below  Grafton,  West  Virginia,  and,  as  will  be  seen,  it  is  there 
about  5  feet  thick. 

On  the  Great  Kanawha  River,  above  Charleston,  this  is  one  of  the 
principal  coal  beds,  and  has  long  been  known  there  as  the  Campbell's 
Creek  vein.  At  this  locality  on  Campbell's  Creek  the  coal  is  4  to  6  feet 
thick  with  ouly  two  parting  slates,  but  in  passing  southward  up  the 
Kanawha  new  partings  come  in  and  the  old  ones  thicken  up  until  the 
bed,  with  its  included  rock  partings,  swells  out  to  a  thickness  of  nearly 
50  feet,  and  two  of  the  members  are  mined  independently,  the  upi)er 
one  being  known  as  the  Peerless  bed  and  the  lower  one  as  the  Blacks- 
burg.  The  upper  member  never  exceeds  3  feet,  and  is  usually  about 
20  feet  above  the  Blacksburg  member,  which  is  often  4  to  5  feet  thick 
and  is  the  "Coal  Valley  gas  vein."  On  the  Mount  Carbon  property,  25 
miles  south  from  Campbell's  Creek,  the  20  feet  of  shales  which  usually 
separate  the  Peerless  and  Blacksburg  members  of  the  Lower  Kittan- 
ning  coal  thin  away  to  a  few  inches  locally,  and  both  are  taken  out  of 
the  same  drift.  This  is  also  the  condition  of  affairs  at  the  famous 
Austead  mines  of  the  Hawk's  Nest  Coal  Company  on  top  of  Gauley 
Mountain.  At  the  head  of  Cabin  Creek,  a  tributary  from  the  south 
bank  of  the  Big  Kanawha,  the  Peerless  and  upper  half  of  the  Blacks- 
burg member  come  completely  together,  forming  a  bed  of  excellent  gas 
coal  5^  feet  thick. 


^ 
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In  Wyoming  County,  West  Virginia,  tliis  coal,  which  is  locally  called 
the  "  Cook  vein,'^  has  a  good  development,  the  whole  seam  with  its  part- 
ing slates  being  aboat  25  feet  thick,  as  may  be  seen  ftom  Section  117, 
bat  the  main  portion  of  the  bed  is  aboat  7  to  8  feet  thick,  separated  into 
three  layers  by  slate  partings  of  4  to  6  inches  thick. 

This  coal  rises  above  the  level  of  the  Tag  Fork  of  Big  Sandy  about  3 
miles  below  Warfield  and  30  above  Loaisa.  It  has  been  mined  to  some 
extent  for  local  use  at  Warfield,  and  is  known  in  that  region  as  the 
«'  Warfield  coal."  Its  structure  there  is  given  by  Section  119.  Above 
Warfield  it  dips  down  nnder  the  stream  and  does  not  come  up  again  for 
about  10  miles,  or  some  distance  above  the  mouth  of  Pigeon  Creek,  but 
from  there  on  up  Tug  River  it  is  constantly  accessible  for  about  40 
miles,  until  the  southward  rise  of  the  rocks  throws  the  coal  above  the 
tops  of  the  hills  near  the  mouth  of  Ben  Greek,  95  miles  above  the  mouth 
of  Tug.  Along  this  line  the  coal  is  seldom  less  than  3  feet  thick  and 
frequently  4  to  5  feet,  with  only  one  slate  parting  3  to  5  inches  thick.  At 
the  mouth  of  Lick  Greek  and  60  miles  from  Louisa  this  coal  is  100  feet 
above  the  river,  and  reported  6  to  7  feet  thick,  with  only  one  thin  slate 
near  the  center. 

In  Ohio  the  Lower  Kittanning  coal  is  almost  as  persistent  as  in  Penn- 
sylvania, rarely  being  absent  entirely  from  the  section,  and  generally 
having  a  thickness  of  3  feet,  with  a  maximum  of  5. 

In  the  deep  oil-borings  across  southwest  Pennsylvania  and  northern 
West  Virginia  this  coal  is  quite  persistent,  being  frequently  reported  at 
a  depth  of  1,500  to  1,800  feet  beneath  the  surface. 

The  following  list  of  names  has  been  given  it  in  Ohio :  Goal  No.  3  in 
Ohio  Valley  and  along  Yellow  Greek,  No.  4  at  Leetonia,  No.  6  in  Stark 
County  and  southwestward ;  also  '*  Greek  vein,^'  "  Potter's  vein,"  "  Lee- 
tonia,''"Mineral  Point,"  *' Lower  New  Lexington,"  "Newcastle,"  etc. 
This  coal  is  often  neglected  in  Ohio  even  when  it  has  a  thickness  of  2^ 
to  3  feet,  because  of  the  great  development  of  the  Middle  Kittanning 
coal  only  a  few  feet  above.  Both  of  these  beds  have  now,  through  the 
labors  of  Newberry,  Orton,  Eoy,  and  others,  been  traced  from  the  Penn- 
sylvania line  clear  across  Ohio  to  where  they  pass  into*  Kentucky  at 
Ironton,  and  have  been  so  well  described  by  Orton  in  Vol.  V,  Ohio 
Geology,  that  it  is  unnecessary  for  the  writer  to  dwell  on  them  longer. 

THE  KITTANNING  FIRE  CLAT. 

Lying  directly  nnder  the  last  described  coal  there  comes  in  many 
regions  a  great  bed  of  splendid  fire  clay  which  often  overshadows  the 
coal  in  value,  since  many  millions  of  dollars  are  invested  in  manufac- 
turing the  several  lines  of  articles  which  can  be  made  from  this  clay. 
The  bed  has  been  named  from  Kittanning,  where  it  is  mined,  and  here 
an  well  as  at  many  localities  in  Ohio  the  clay  does  not  all  immediately 
underlie  the  coal,  but  some  of  it  is  found  a  few  feet  lower  and  nearly 
on  top  of  the  Ferriferous  limestone* 
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Eastward  from  the  Alleghany  River  this  clay  does  not  appear  to  be 
very  important,  bat  westward  from  that  point  it  is  generally  present, 
and  attains  its  maximum  development  along  the  Beaver,  and  westward 
from  there  down  the  Ohio;  the  famous  potteries  at  New  Brighton,  Boch- 
ester,  East  Liverpool,  New  Cumberland,  and  other  points  in  tbese  val- 
leys all  deriving  their  clay  from  this  horizon. 

In  the  Beaver  County  region  the  thickness  is  generally  about  8  to  10 
feet,  but  occasionally  runs  up  to  15  and  down  to  5.  It  often  consists  of 
two  portions,  an  upper  '^  soff  clay  and  a  lower  ''hard"  clay,  the  latter 
being  used  in  the  manufacture  of  fire  brick,  etc.  In  western  Pennsyl- 
vania and  eastern  Ohio  this  clay  bed  is  often  a  very  valuable  element 
in  settling  questions  of  stratigraphy  which  would  otherwise  be  extremely 
difficult  of  solution ;  in  fact  it  is  valuable  for  this  purpose  clear  across 
the  Ohio  coal  field,  since,  according  to  Orton,  although  not  entirely  per- 
sistent, yet  it  furnishes  valuable  clay  mines  in  every  county  of  its  out- 
crop from  the  Pennsylvania  line  across  to  the  Kentucky  border. 

In  West  Virginia  (except  along  the  Upper  Ohio  River)  the  deposit  is 
seldom  of  value,  being  too  siliceous,  and  it  has  been  developed  in  only  one 
region,  viz,  near  the  locality  of  Section  97,  at  Nuzum's,  on  the  Tygart's 
Valley  River.  Here  along  the  crown  of  the  Chestnut  Ridge  anticlinal 
the  coal  above  locally  disappears,  and  then  a  valuable  bed  of  hard  clay 
replaces  it,  but  when  the  coal  comes  in  again  the  clay  disappears,  just 
as  it  often  does  in  Ohio,  when  the  hard  flinty  clay  is  present.  The 
Glade  Fire  Brick  Works  at  Nuzums  manufacture  a  good  fire  brick  from 
this  bed. 

THE  KITTANNING  SANDSTONE. 

The  interval  between  the  Lower  Kittanning  coal  and  the  Ferriferous 
limestone  varies  greatly  in  thickness,  sometimes  only  the  clay  bed  just 
described  intervening,  and  again  the  interval  thickens  up  to  60  to  75 
feet  or  even  more.  Whenever  the  interval  attains  anything  like  these 
last  figures  we  generally  find  a  massive  sandstone  between  the  coal  and 
the  limestone,  and  to  this  has  been  given  the  name  Kittanning.  It 
sometimes,  as  on  Buffalo  Creek,  Butler  County,  Pennsylvania,  develops 
into  a  great  cliff  rock  of  massive  and  even  pebbly  sandstone,  cutting  oat 
the  underlying  limestone  (Ferriferous).  It  often  furnishes  good  quarry 
stone,  and  a  rock  occupying  this  horizon  in  the  series  has  been  quarried 
and  used  In  building  the  Government  lock  and  dam  near  Coal  Valley, 
on  the  Great  Kanawha  River.  In  this  region  the  interval  between  the 
Lower  Kittanning  coal  and  the  Ferriferous  limestone  thickens  up  to  150 
feet,  and  a  local  bed  of  coal,  the  Brownstown,  comes  into  the  series 
about  half  way  in  the  interval.  In  Wyoming  County  and  westward 
from  there  the  Kittanning  sandstone  thickens  to  100  feet,  as  seen  in 
Section  117. 

THE  BUHRSTONE  IRON  ORE. 

Resting  immediately  on  top  of  the  Ferriferous  limestone  there  occurs 
over  a  very  wide  area  a  deposit  of  iron  ore.    In  Pennsylvania  it  is  often 
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anderlaid  with  clierty  material,  and  hence  long  ago  received  the  name 
of  '^Bahrstoue  ore,'^  but  it  is  there  also  called  Ferriferous  ore.  In  Ohio 
it  has  a  wide  discribution  and  is  known  under  several  names^  ^luong 
which  are  "  Baird"  ore,  "Gray ^  ore,  '' Limestone"  ore.  • 

Tbe  ore  generally  lies  in  immediate  contact  with  the  limestone,  in  a 
slab-like  sheet  one-half  to  1  foot  thick,  but  occasionally,  as  in  Lawrence 
County,  Pennsylvania,  on  the  Houck  farm,  it  locally  thickens  up  to  20 
feet,  entirely  replacing  the  underlying  limestone,  while  again  it  is  absent 
over  wide  areas,  or  represented  by  nodules  scattered  through  the  over- 
lying shales.  When  the  Ferriferous  limestone  is  absent,  its  place  in 
the  series  can  often  be  correctly  assigned  from  the  existence  of  this  ore, 
as  is  the  case  in  Section  97,  at  Nuzum's  Mills,  West  Virginia.  This  bed 
was  formerly  the  main  ore  from  which  the  charcoal  furnaces  of  western 
Pennsylvania  drew  their  supplies,  and  it  is  still  the  main  feeder  for  these 
furnaces  in  southern  Ohio.  In  northern  West  Virginia  some  iron  ore 
occurs  at  this  horizon  in  Monongalia  and  Preston  Counties,  and  a  few 
inches  of  it  may  be  seen  near  the  coke  ovens  on  Glady  Fork,  below 
Thomas,  Tucker  County,  but  in  the  Great  Kanawha  region  and  south- 
ward toward  the  Big  Sandy  it  appears  to  be  completely  absent  as  a 
distinct  stratum,  though  nodules  of  iron  sometimes  come  at  this  horizon. 

THE  TRKRIFEROUS  LIMESTONB. 

The  occurrence  of  the  iron  ore  just  described  resting  upon  a  bed  of 
limestone  over  a  wide  area  suggested  the  name  *' Ferriferous"  which 
the  early  geologists  applied  to  the  limestone  as  well  as  the  ore. 

This  is  the  most  important  and  widely  distributed  limestone  of  the 
entire  Coal  Measure  column,  important  both  in  an  economic  sense  and 
as  a  strati  graphical  horizon  which  with  ordinary  care  can  be  unfailingly 
recognized  by  geologists  as  well  as  anyone  else  interested  in  determin- 
ing the  correct  order  of  the  rocks.  It  differs  from  the  other  limestones 
that  we  have  had  so  far  in  the  Lower  Coal  Measures,  in  being  a  genuine 
marine  deposit,  abounding  in  fossil  crinoids^  corals,  brachiopods,  la- 
mellibranchs,  univalves,  etc.,  a  list  of  the  more  common  forms  of  which 
is  given  on  pages  46  and  47,  Report  QQ,  Second  Geological  Survey  of 
Pennsylvania. 

In  Pennsylvania  this  limestone  is  confined  to  the  counties  west  from 
Chestnut  Eidge,  attaining  its  maximum  development  in  Clarion,  Arm- 
strong, Butler,  Beaver,  and  Lawrence,  where  it  is  frequently  25  feet 
thick,  or  even  more,  and  seldom  less  than  10  except  it  has  locally 
thinned  away  entirely. 

This  limestone  enters  Ohio  at  Lowellville  on  the  Mahoning  River  with 
a  thickness  of  15  feet,  but  westward  it  changes  very  much  from  its 
Pennsylvania  type,  becoming  reduced  in  thickness,  sometimes  entirely 
absent,  and  occasionally  splitting  into  two  beds  separated  by  15  to 
50  feet  of  shales,  the  Lower  one  of  which  has  been  called  the  Putnam 
Hill  limestone  from  its  occurrence  in  an  eminence  of  that  name  at 
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Zanesville.  lu  one  way  or  another,  howevei^,  it  has  been  satisfactorily 
traced  by  Orton  across  the  Ohio  field  to  where  it  enters  Kentucky  from 
Hanging  Eocic. 

A  layer  of  flint  or  "  bubrstone'^  is  often  incorporated  with  the  top  of 
this  bed  in  Pennsylvania,  aud  the  same  thing  holds  trne  for  Ohio,  but 
below  this  the  rock  is  generally  gray  for  10  to  15  feet  and  of  great  par- 
ity, being  especially  prized  as  a  flux  in  the  smelting  of  iron  ore,  and 
nsed  almost  exclusively  for  this  purpose  in  the  Pittsburgh  region.  The 
lower  portion  of  the  stratum  is  generally  of  a  bluish  color,  and  its  layen 
are  shaly,  being  interstratified  with  thin  films  of  clay  and  other  impuri- 
ties, and  occasionally  a  distinct  bed  of  shale  separates  the  blue  layers 
from  the  gray  above.  Hence  it  seems  very  probable  that,  as  Prof. 
Orton  once  suggested,  this  shale  layer  probably  increases  in  thickness 
through  some  regions  of  Ohio,  thus  separating  the  upper  portion,  as  the 
"  Gray  "  limestone,  from  the  lower  or  blue  part,  which  has  been  called  the 
Putnam  Hill.  On  one  point,  however,  in  this  connection,  the  writer  can- 
not fully  agree  with  Prof.  Orton,  and  that  is  concerning  the  presence 
of  workable  coal  beds  between  these  two  divisions  of  the  limestone. 
There  is  certainly  none  at  Zanesville,  the  typical  locality  for  the  Put- 
nam  Hill  limestone  (Section  104),  neither  is  there  any  at  Shawnee  (Sec- 
tion 105),  nor  at  Kew  Lisbon  (Section  103),  nor  Bprucevale  (Section 
102),  so  that  it  appears  more  probable  that  the  supposed  workable  coal 
between  the  two  layers  of  the  limestone  is  founded  upon  an  error  m 
identification. 

Another  characteristic  of  this  limestone  is  that  when  it  becomes  thin 
and  impure  it  almost  always  exhibits  the  ^^cone-in-cone^  stractnre, 
though  there  are  other  horizons  in  the  Goal  Measures  which  show  the 
same  feature,  notably  the  Mercer  limestones. 

The  most  northern  point  at  which  this  limestone  has  been  found  in 
Pennsylvania  is  in  the  southern  portion  of  McKean  Gounty,  where 
Mr.  Ashburner  identifies  with  it  a  siliceous  limestone  occurring  in  the 
vicinity  of  Glermont. 

In  the  North  Potomac  coal  basin  this  limestone  has  been  seen  by  the 
writer  near  Gorman,  Garrett  Gounty,  Maryland,  and  also  below  Thomas, 
along  Glady  Fork  of  Black  Water.  In  each  case,  however,  the  deposit 
is  entirely  different  from  the  marine  type  of  western  Pennsylvania  aud 
Ohio,  and  resembles  more  the  fresh  water  limestones  under  the  Free- 
port  coals,  since  no  marine  fossils  were  observed  at  either  locality;  in 
fact  there  is  no  point  in  West  Virginia  or  Maryland  where  the  marine 
type  of  this  limestone  is  known  to  exist,  so  far  as  the  writer  is  aware. 

Along  the  Great  Kanawha  Eiver,  in  the  vicinity  of  Gannelton,  a  bed 
of  siliceous  limestone  occurs  75  to  100  feet  under  the  Lower  Kittanning 
coal,  and  it  has  been  identified  with  the  Ferriferous  limestone  horizon 
as  shown  in  Section  115.  It  occasionally  exhibits  the  ^^cone-in-coue* 
structure  but  is  not  fossiliferous. 

Immediately  under  the  Ferriferous  limestone  in  western  Pennsyl- 
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vania  there  are  often  5  to  10  feet  of  black  fossiliferous  shales,  especially 
when  the  limestone  is  thin  or  locally  wanting,  so  that  the  horizon  can 
thus  be  frequently  recognized  without  the  presence  of  the  limestone 
since  the  fossils  in  the  shales.are  practically  the  same  as  in  the  latter. 

TBB  CLARION  COAL. 

Mr.  H.  Martyn  Ohance  has  recently  shown  (W,  Second  Geological 
Survey  of  Pennsylvania)  that  the  coal  bed  which  comes  so  close  under 
the  Ferriferous  limestone  in  western  Pennsylvania,  and  was  formerly 
called  the  Scrub*grass  coal,  is  ]*eally  an  off-shoot  from  the  Clarion,  and 
hence  it  is  unnecessary  to  retain  th6  name  Scrub- grass,  which  should 
be  replaced  with  Upper  Clarion. 

The  main  bench  of  the  Clarion  coal  occurs  through  western  Pennsyl- 
vania at  an  interval  of  10  to  30  feet  below  the  Ferriferous  limestone. 
Its  usual  thickness  is  about  3  feet,  though  it  often  swells  to  4  or  5. 
When  well  developed  it  generally  contains  one  or  two  parting  slates,  and 
one  of  them  thickening  up  causes  the  upper  bench  to  approach  the  Fer- 
riferous limestone,  and  it  was  then  taken  for  a  separate  coal  by  the 
geologists  of  the  First  Pennsylvania  Survey,  but,  as  Chance  suggests, 
this  should  be  called  the  Upper  Clarion  bed  in  view  of  its  origin.  This 
upper  member  is  thick  enough  to  mine  in  only  a  limited  area  around 
the  northern  outcrop  of  the  same  in  Clarion,  Butler,  and  Jefferson  Coun- 
ties. 

The  Lower  or  main  Clarion  bed  is  of  considerable  importance  in  Penn- 
sylvania, and  generally  furnishes  some  areas  of  good  fuel  *in  nearly 
every  county  where  its  outcrop  occurs,  though  as  a  rule  the  coal  is 
rather  high  in  both  ash  and  sulphur. 

In  eastern  Ohio  this  bed  acquires  some  importance  in  the  vicinity  of 
Leetonia  and  New  Lisbon,  and  Is  there  often  parted  by  a  vein  of  iire 
clay  1  to  4  feet  thiols,  the  upper  coal  alone  being  mined,  and  varying  in 
thickness  from  2^  to  3^  feet.  Prof.  Orton  has  also  shown  that  the  Can- 
field  cannel  of  Mahoning  County  belongs  to  the  horizon  of  the  Clarion 
bed. 

Westward  from  the  eastern  tier  of  Ohio  counties,  the  Clarion  coal 
disappears  according  to  Orton  and  is  of  no  more  importance  until  Vin- 
ton and  Jackson  are  reached,  but  this  conclusion  is  based  upon  his  pres- 
ent view  of  the  Putnam  Hill  limestone,  which  he  once  regarded  as  a 
"  split"  from  the  Ferriferous  of  Pennsylvania,  but  which  he  now  ap- 
pears to  reject,  since  he  puts  the  Clarion  coal  between  this  latter  lime- 
stone and  the  upper  or  "  Gray"  one,  and  identifies  the  coal  underlying 
the  Putnam  Hill  limestone  as  the  Brookville  bed  of  Pennsylvania.  The 
writer  has  elsewhere  expressed  his  doubt  of  the  existence  of  any  work- 
able coal  between  these  two  limestones,  believing  that  the  identifica- 
tions on  which  the  conclusion  was  founded  are  erroneous,  so  that  if  we 
substitute  Clarion  coal  for  "Brookville"  in  Prof.  Orton's  .Ohio  series, 
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all  difficulties  couceruiug  tbe  disappearance  of  tb^  Clarion  coal  between 
eastern  Obio  and  Perry  County  vanisbesi,  and  tbe  Clarion  becomes  one 
of  tbe  regular  and  persistent  beds  of  tbe  series  clear  across  Obio  us  it 
does  in  Pennsylvania.  In  tbe  Zanesville  section  (104)  tbe  writer  bas 
indicated  bis  views  as  to  tbe  equivalency  of  tbese  members  of  tbe  Obio 
series. 

Tbe  Clarion  coal  attains  its  maximum  tbickness  in  Stark  County, 
Obio,  wbere  it  is  6  feet  tbick  and  a  very  fair  steam  coal,  according  to 
Orton. 

In  nortbem  West  Virginia  tbis  bed  is  generally  present  in  tbe  section, 
but  is  usually  slaty  and  too  impure  to  be  valuable,  so  tbat  it  bas  never 
been  mined  in  tbat  part  of  tbe  State. 

Section  near  Eagle^  Fayette  County^  West  Virginia. — Along  the  Great 
Kanawba  Kiver  a  coal  bed,  wbicb  appears  to  come  at  tbis  borizon,  bas 
been  largely  developed  for  coking  purposes  in  tbe  vicinity  of  Eagle, 
Fayette  County,  and  bence  is  locally  known  as  tbe  Eagle  vein.  Wbere 
best  developed  tbere,  it  varies  from  3^  to  4^  feet  in  tbickness,  and  is  a 
splendid  coking  coal,  baving  tbe  following  structure  in  tbe  vicinity  of 
Eagle: 

Ft   in. 

Coal 1      2 

Shale 0      3]    pt  fa. 

Coal 0      3^    4    9 

Shale : 0      3 

Coal *. 2    10 

In  passing  up  tbe  Kanawha  from  Eagle  tbe  upper  sbale  parting  of 
tbis  bed  gradually  tbickens  till  at  tbe  moutb  of  Armstrong  Creek,  3 
miles  above,  it  becomes  20  feet  tbick  and  tbe  coal  bas  tbe  structure  given 
in  Section  115. 

Tbe  interval  between  tbis  bed  and  tbe  Lower  Kittanning  varies  be- 
tween 120  and  200  feet  along  tbe  Oreat  Kanawba,  tbickening  up  to  tbe 
latter  figures  at  Brownstown  (Section  114),  but  southward  from  tbis  in 
Wyoming  County  tbe  interval  swells  still  further  to  230  feet  in  tbe  vi- 
cinity  of  Oceana,  as  shown  in  Section  117,  where  tbe  coal  in  question 
bas  a  tbickness  of  5  to  6  feet  and  is  known  as  tbe  ^'  coking"  vein. 
There  is  evidently  a  wide  area  of  tbis  coal  between  tbe  Kanawba  and 
Big  Sandy  Rivers  in  wbicb  it  will  prove  a  valuable  coking  coal. 

A  bed  of  excellent  fire  clay  often  underlies  the  Clarion  coal  botb  in 
Pennsylvania  and  Obio,  being  second  in  value  only  to  tbe  Kittanning 
clay  above,  and  often  rivaling  it  in  tbickness. 

Tbe  interval  below  the  clay  down  to  tbe  next  coal  bed  (Brookville) 
varies  greatly  botb  in  thickness  and  in  the  rock  material  wbicb  occu- 
pies it.  Occasionally  the  series  ends  with  the  Clarion  underclay,  which 
rests  immediately  on  top  of  the  next  lower  or  Conglomerate  Measures, 
while  again,  shales  and  a  sandstone  termed  by  Chance  tbe  Clarion 
sandstone  occupy  tbis  interval,  wbicb  in  Pennsylvania  is  seldom  mere 
tban  30  to  50  feet  tbick. 
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In  Ohio  the  interval  below  the  Clarion  clay  down  to  the  top  of  the 
Pottsville  Measares  is  seldom  more  than  30  feet,  the  same  being  true 
in  northern  West  Virginid,  as  may  be  seen  from  Sections  96  and  97. 

On  the  Great  Kanawha  Eiver  the  intersral  from  the  Clarion  or  Eagle 
coal  down  to  the  top  of  the  Pottsville  Measares  thickens  to  nearly  300 
feet,  and  consists  of  a  succession  of  shales  and  sandstones,  in  which 
occur  two  thin  limestones  and  two  or  three  thin  coal  beds.  None  of 
the  latter  attain  a  thickness  of  3  feet,  however,  anywhere  between  the 
Kanawha  and  Big  Sandy  Eivers,  so  that  the  workable  coals  of  this 
series  in  that  region  really  end  with  the  Clarion  (Eagle)  bed. 

Two  or  three  rocks  in  this  interval  of  300  feet  in  southwestern  West 
Virginia  require  more  particular  notice.  One  of  them,  and  the  upper- 
most, is  a  very  pure  seam  of  coal,  which  at  Eagle  comes  only  20  feet 
below  the  main  Eagle  bed,  and  is  1^  feet  thick.  I  have  termed  it  the 
Little  Eagle  coal,  since  it  is  possibly  a  <' split"  from  the  main  bed 
above.  To  the  south  it  appears  to  be  quite  persistent,  since  it  occurs 
in  Wyoming  County  in  every  section ;  but  the  interval  separating  it 
from  the  Eagle  bed  has  there  swelled  to  05  feet  (Section  117)  and  the 
coal  has  thickened  to  27  inches  of  the  same  excellent  fuel  as  on  the 
Kanawha. 

THB  EAGLE  LIMESTONE. 

Another  rock  worthy  of  mention  in  this  Kanawha  series  is  an  impure 
limestone  which  occurs  near  Eagle  at  an  interval  of  75  feet  under  the 
Eagle  coal.  It  is  only  about  1  foot  thick,  quite  dark,  fossiliferous,  and 
exhibits  the  <' cone-in-cone"  structure  to  a  wonderful  degree,  being 
locally  known  as  ^^  black  marble.''  The  stratum  is  immediately  under- 
laid by  dark  shales,  which  are  crowded  with  marine  fossils  of  the  same 
type  as  those  found  in  connection  with  the  Ferriferous  limestone  in 
Pennsylvania  and  Ohio ;  in  fact,  so  many  of  the  species  are  identical,  and 
the  limestone  itself  so  closely  resembles  the  Ferriferous  when  thin,  that 
sometimes  I  have  been  inclined  to  think  that  the  two  beds  may  possibly 
be  identical,  though  this  would  seem  to  be  impossible  from  the  structure 
of  Section  115,  in  which  the  whole  lower  coal  series  is  exposed  both 
above  and  below  this  stratum.  If  it  should  turn  out  to  be  identical 
with  the  Ferriferous,  however,  then  the  Eagle  coal  would  be  the  Lower 
Kittanning,  instead  of  the  Clarion,  and  the  Campbell's  Creek  bed  the 
Middle  Kittanning,  or  ^elsonville  seam  of  Ohio,  instead  of  the  Lower 
Kittanning.  The  reader  will  understand  the  difficulty  of  correlation 
when  he  remembers  that  the  lower  coal  series  is  less  than  200  feet  thick 
in  the  Hocking  Valley,  Ohio,  while  here,  only  120  miles  southward,  the 
same  series  has  swelled  out  to  1,000  feet. 

The  fossiliferous  type  of  the  limestone  and  its  accompanying  fossilif- 
erous shale  have  never  been  seen  by  the  writer,  except  in  the  vicinity 
of  Eagle,  and  hence  I  have  preferred  to  regard  it  as  a  local  deposit 
below  the  horizon  of  the  Ferriferous,  since  the  fossils  of  the  Lower  Coal 

Measures  have  the  same  general  facies  at  all  horizons. 

Bull.  Go 12 
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THE  BROOKVILLE  COAL. 

At  the  very  base  of  the  Lower  Goal  Measnres,  except  the  intervening 
underclay,  there  occars  in  Jefferson,  Clarion,  and  some  other  counties 
of  Pennsylvania,  a  bed  of  usually  slaty  and  otherwise  impure  coal, 
which  was  long  ago  named  the  Brookville  bed,  from  its  supposed  occur- 
rence near  the  town  of  that  name  in  Jefferson  County.  This  coal  ao 
quires  some  local  importance  around  the  northern  margin  of  the  coal 
field  in  Jefferson,  Clarion,  Butler,  and  Mercer  Counties,  but  southward 
and  westward  it  thins  away  and  is  often  absent  even  as  an  impure  bed, 
there  being  no  coal  whatever  at  this  horizon  where  the  Pennsylvania 
series  enters  Ohio ;  and  if  I  am  correct  in  identifying  Prof.  Orion's 
"Brookville"  coal,  (Vol.  V,  Ohio  Geology)  with  the  Clarion  of  Penn- 
sylvania, then  the  Brookville  coal  is  generally  absent,  or  at  least  sel- 
dom workable  anywhere  in  that  State. 

Yery  frequently  the  Brookville  coal  is  represented  in  Pennsylvania 
by  only  a  bed  of  black  slate  or  coaly  shale,  resting  on  the  top  of  the 
Conglomerate  Measures,  and  this  is  the  case  in  northern  West  Virginia, 
there  being  no  workable  coal  at  this  horizon  anywhere  in  that  State,  so 
far  as  the  writer  is  aware.  Even  in  the  Kanawha  field,  where  this 
lower  portion  of  the  column  is  so  greatly  thickened,  the  largest  coal 
bed  referable  to  the  Brookville  horizon  is  the  one  in  the  Wyoming 
County  section  (117),  and  this  is  only  22  inches. 

On  the  Great  Kanawha  a  bed  of  very  bituminous  shale  (Section  115), 
from  which  lubricating  oil  was  once  manufactured,  may  possibly  repre- 
sent the  Brookville  coal  horizon,  since  it  is  the  lowest  bituminous 
stratum  in  the  series  there. 

Below  this  coal  in  Pennsylvania,  and  resting  immediately  on  the  top 
of  the  Conglomerate  series,  there  is  sometimes  a  good  bed  of  fire  clay, 
and  Mr.  Chance  refers  to  this  horizon  the  clay  which  is  mined  so  ex- 
tensively in  Clearfield  County,  at  Blue  Ball,  Wallaceton,  and  other 
points  along  the  line  of  the  Tyrone  and  Clearfield  Bailroad. 


CHAPTER    VI. 


THE  POTTSVILLB  CONGLOMERATE  SERIES. 


THICKNESS,   GHAEAGTEB,  AND  EXTENT. 

Beneath  the  lowest  member  of  the  ISpSt  described  series  there  comes 
in  a  ^roap  of  rooks  (No.  XII)  which  are  nearly  always  so  different  from 
those  in  any  other  portion  of  the  Carboniferous  system  that  all  geologists 
have  regarded  them  as  worthy  of  being  placed  in  a  distinct  series.  To 
this  series  several  names  have  been  given.  The  early  geologists  of 
Pennsylvania  called  it  the  "  Serai"  or  "Great"  Conglomerate,  while  in 
Virginia  it  has  generally  been  nan>ed  the  No.  XII  Conglomerate,  or 
simply  No.  XII.  Prof.  Lesley  has  in  recent  years,  however,  given  it 
the  geographical  designation  of  Pottsville  Conglomerate,  from  the  great 
development  of  the  series  near  the  town  of  that  name,  while  Prof.  Fon- 
taine, following  the  Pennsylvania  custom  of  naming  the  several  coal 
series  after  prominent  rivers  along  which  the  beds  are  exposed,  has 
suggested  the  name  New  River  series,  from  that  region  of  West  Vir- 
ginia where  its  coal  beds  attain  a  great  development. 

But  since  only  one  geographical  name  is  admissible  for  the  series, 
and  as  the  term  Pottsville  is  now  so  well  ingrafted  upon  geological 
nomenclature  through  the  numerous  reports  of  the  Second  Geological 
Survey  of  Pennsylvania,  it  is  thought  best  to  retain  it  for  the  series, 
and  at  the  same  time  retain  New  Elver  for  the  name  of  the  coal  group 
which  attains  such  prominence  along  that  stream^  thus  putting  it  on  a 
par  with  the  Mercer  group,  which  occurs  in  the  upper  portion  of  the 
series. 

As  exhibited  everywhere  in  Pennsylvania  and  West  Virginia,  this 
series  is  very  sharply  set  off  from  the  Lower  Coal  Measures  above  and 
the  Lower  Carboniferous  below,  since  in  both  cases  there  is  a  great 
change  in  the  lithology,  so  that  the  geologist  finds  no  difficulty  in  deter- 
mining where  the  Pottsville  series  begins  as  well  as  where  it  ends. 

The  series  as  a.  whole  possesses  a  large  amount  of  hard,  white,  or 
grayish  white  sandstone,  much  of  which  is  often  congiomeritic.  The 
sandstones  are  harder,  more  compact,  and  siliceous  than  any  in  the 
Lower  Co.al  Series  above.  Bowlders  of  these  sandstones  take  a  smooth 
polish  when  rolled  along  river  beds,  but  this  is  not  the  case  with  most 
sandrocks  above  this  horizon. 

The  fossil  contents  are  also  different  from  those  of  any  satidstones 
above,  since  here  for  the  first  time  in  descending  the  column  of  rocks 
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do  we  find  sigillari^  and  the  large  lepidodendra  very  abandant  in 
sandstones. 

At  the  base  of  the  series  the  change  in  lithology  and  life  remains  is 
even  more  abrupt,  since  with  the  disappearance  of  the  white  or  gray 
sandstones  and  conglomerates,  limestones,  red  shales,  and  green  mica- 
ceous sandstones  appear,  in  which  plant  remains  are  rare  and  the  fossil 
trees  are  all  small. 

The  Pottsville  being  composed  mainly  of  very  hard  sandstones,  the 
grains  of  which  are  cemented  by  silica  and  peroxide  of  iron,  becomes 
almost  indestructible  by  ordinary  atmospheric  influences,  and  has  thus 
proved  a  most  important  factor  in  determining  the  topography  of  the 
Carboniferous  system.  Whenever  these  beds  come  to  the  surface  in 
West  Virginia  and  Pennsylvania,  wild  and  rugged  scenery  is  sure  to 
be  found.  Eapid  rivers,  high  waterfalls,  great  cliffs,  and  barren  re- 
gions generally,  mark  the  lines  where  these  rocks  emerge  to  daylight. 
The  loftiest  peaks  of  the  Alleghany  Mountains  owe  their  origin  to  this 
friendly  mantle,  while  its  upturned  edges  have  p:eserved  many  coal 
basins  from  complete  destruction.  The  deep  gorges,  narrow  canons, 
and  wild  scenery  of  the  Alleghany,  Youghiogheny,  Cheat,  Mononga- 
hela,  New,  Guyaudotte,  and  Big  Sandy  Rivers  are  all  carved  out  of 
these  rocks.  The  Falls  of  the  Yough,  Cheat,  Tygart's  Valley,  Kanawha, 
and  the  ^^ Houghs"  of  the  Guyaudotte  and  Big  Sandy  are  all  made  by 
these  same  beds. 

It  was  formerly  supposed  that  a  vast  sheet  of  pebbly  material  under- 
laid all  of  the  true  Coal  Measures,  and  that  it  was  destitute  of  coal; 
but  the  recent  work  of  the  Second  Geological  Survey  of  Pennsylvania 
has  shown  that  the  series  is  very  complex,  consisting  of  several  distinct 
sandstone  members,  between  which  occur  shales,  several  coal  beds,  and 
occasionally  some  limestone. 

In  Ohio  it  happens  that  the  upper  members  are  not  so  massive  as  in 
Pennsylvania  or  West  Virginia,  while  the  coal  beds  which  are  promi- 
nent only  around  the  margins  are  well  developed  there,  so  that  the 
Ohio  geologists  have  classed  the  upper  portion  with  the  Lower  Coal 
Measures,  and  retained  only  the  lowest  member  of  the  series,  viz,  a 
stratum  termed  the  Sharon  Conglomerate,  as  the  representative  of  the 
whole  series  elsewhere.  I  shall  show  in  the  following  pages  that  the 
whole  series  is  easily  recognized  in  Ohio,  and  that  the  western  Penn- 
sylvania type  of  these  measures  can  be  traced  across  Ohio,  and  hence 
for  the  sake  of  uniformity  in  nomenclature  the  Ohio,  geologists  should 
cut  off  100  to  150  feet  from  the  bottom  of  their  Lower  Coal  Measure 
column  and  combine  it  with  the  Sharon  Conglomerate  below,  thus 
making  several  members  for  the  series  instead  of  a  single  stratum. 

The  coals  of  the  Pottsville  series,  unlike  those  in  the  measures  above, 
are  persistent  and  valuable  only  around  the  margins  of  the  Appalachian 
coal  field,  and  for  the  most  part  only  where  their  outcrops  are  above 
the  level  of  the  principal  drainage  streams,  so  that  the  conditions  for- 
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uierly  sapposed  to  apply  to  the  Lower  Coal  Measures  do  actually  pre- 
vail with  reference  to  the  coal  in  this  series,  since  hundreds  of  carefully 
kept  well  records  testify  to  the  absence  of  any  workable  coal  beds  in 
this  series  over  all  except  the  outer  rims  of  the  Appalachian  field. 
This  same  fact  is  visible  to  the  eye  in  passing  inward  toward  the  center 
of  the  field  down  any  one  of  the  great  rivers  which  drain  into  the  Ohio. 
Tbe  Sharon  coal  disappears  southward  along  the  Shenango  and  Mahon- 
ing rivers  long  before  its  horizon  dips  down  to  water  level;  the  New 
Eiver  coals  fade  out  of  the  section  before  their  outcrops  touch  the 
stream  to  the  north ;  the  great  bed  at  Pocahontas  does  not  extend  in- 
definitely down  the  Guyandotte  and  Tug  rivers,  but  only  20  to  30  miles, 
until  it  dwindles  away  to  a  bed  too  thin  to  mine,  so  that  should  a  shaft 
be  sunk  to  these  beds  30  or  40  miles  from  their  southern  or  northern 
outcrops  respectively,  the  same  massive,  pebbly,  white  sandstones 
would  be  found,  but  instead  of  inclosing  valuable  coal  beds  they  would 
hold  only  thin  streaks  of  coal  and  some  black  slates. 

Another  peculiarity  about  these  interconglomerate  coals  is  the  great 
difference  in  quality  between  those  around  the  southern  rim  of  the  Ap. 
palachian  field  and  those  around  its  northern  border,  for  in  western  Penn- 
sylvania and  across  Ohio  they  are  all  open  burning,  hard,  and  generally 
known  under  the  name  of  <'  block"  coals,  which  can  be  used  in  furnaces 
in  the  raw  state,  while  to  the  south,  through  West  Virginia,  Virginia, 
and  on  into  Tennessee  and  Alabama,  these  same  coals  are  very  soft 
and  tender,  always  cementing  and  making  good  coke.  This  difference 
is  connected  with  different  conditions  of  accumulation,  there  probably 
being  less  moisture  in  the  great  peat  swamps  at  the  north,  and  the 
vegetable  accumulations  taking  place  not  under  water,  but  partially  at 
least  in  the  open  air.  This  much  would  be  indicated  by  the  innumer- 
able films  of  mineral  charcoal  which  characterize  the  northern  coals 
and  render  them  non-cementing.  To  the  unequal  rate  of  subsidence  on 
the  two  sides  of  the  Appalachian  basin  is  doubtless  owing  the  condi- 
tions which  brought  about  the  difference  in  the  character  of  the  coals. 

Another  peculiarity  is  the  great  purity  of  these  early  formed  coals, 
their  freedom  from  injurious  quantities  of  ash  and  sulphur,  both  at  the 
north  and  south.  This  also  appears  to  be  due  to  the  conditions  attend- 
ing their  deposition  rather  than  to  any  difference  in  vegetable  tissues, 
since  just  previous  to  the  spread  of  these  early  coal  marshes  the  whole 
Appalachian  region  was  sheeted  with  a  thick  layer  of  clean  gravel  and 
white  sand,  thus  effectually  covering  up  the  muddy  deposits  of  a  former 
epoch  and  causing  the  streams  which  drained  into  the  peat  bogs  of  that 
time  to  be  pure  and  clear  like  our  own  mountain  brooks  of  the  present. 

The  thickness  of  the  Pottsville  series  varies  greatly  in  different  por- 
tions of  the  Appalachian  basin.  In  the  bituminous  regions  of  Penn- 
sylvania, and  everywhere  in  Ohio,  they  rarely  exceed  300  feet  and  sel- 
dom go  below  160  5  but  south  west  ward  through  West  Virginia  they 
begin  to  swell  out,  reaching  700  feet  at  the  head  of  Black  Water,  in 
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Tacker  Coanty ;  1,400  on  the  New  Biver  in  Fayette,  and  probably 
1,800  at  the  Ken  tacky  line  on  the  Tag  Biver,  in  McDowell.  Map  Sec- 
tion C  will  exhibit  the  manner  and  rate  at  which  these  beds  thicken 
southeastward  from  their  northwestern  ontcrop  in  Ohio.  The  data  for 
its  constmction  were  obtained  from  sarface  measarements  and  oil-well 
borings,  several  of  which  have  been  recently  made  along  the  Great 
Kanawha. 

This  series  is  also  the  repository  of  much  salt  water,  as  well  as  some 
oil  and  gas.  The  celebrated  brines  on  the  Great  Kanawha,  as  well  as 
at  Pomeroy  and  many  other  localities  along  the  Ohio  Biver,  come  in  its 
basal  members,  while  the  ^' first  gas  sand"  of  the  Gannonsbnrg  and 
Hickory  region  of  Washington  County,  Pennsylvania,  is  found  in  the 
upper  half  of  the  same.  This  rock  is  also  gas-beanng  near  Glover's 
Gap,  on  the  Dodd  farm,  and  near  Mannington,  Marion  Coanty,  West 
Virginia,  on  the  Snodderly  farm. 

We  shall  now  give  a  number  of  sections  in  different  portions  of  the 
Appalachian  field,  illustrating  the  character  and  thickness  of  the  Potts- 
ville  series,  and,  as  with  the  Lower  Coal  Measures,  shall  begin  at  the 
northeastern  end  of  the  field  and  proceed  south  westward  to  the  Ken- 
tucky line. 

i:S€ction  in  Fox  Totcnshipj  Elk  County,  Pennsylvania. — The  following 
section  (Fig.  122)  exhibits  the  structure  of  these  beds  in  Fox  Township, 
Elk  County,  Pennsylvania,  as  given  by  Ashbumer  (Beport  BB,  p.  186, 
Second  Geological  Survey  of  Pennsylvania): 

Fax  Township,  Elk  County^  Pennsylvania, 

[See  map,  D  r.l 

Ft.  in, 
1.  Sandstone, Homewood 35 

'Coal...... ........a............  1'  2"' 

»SI»te,  biacic  !!I*.".'I!!".'!Iim  C  3" 

Coal 1'  6"}" 4 

Slate,  black 0'  3" 

Coal V  6". 

8.  Slateandfire  clay 15 

(Coal 1'    8") 

4.  Coal <Slato 3'    0"S 5 

(Coal 1'    3"J 

6.  Sandstone ConoqaeDeasing 60 

6.  Sbaleand  slate 10 

7.  Conglomerate 60 

Fio.  122.-Section      «•  Shales  of  No.  XI 

in  Fox  Town* 
ship,  Elk  Coon- 
tj^Pa. 


2.  Coal 


8 


11 


Total 170 


As  will  be  observed,  the  series  is  thin  in  this  region,  and  it  seems  to 
decrease  still  more  in  Tioga  County  further  to  the  northeast,  where  it  is 
less  than  100  feet  and  all  in  one  solid  bed.  « 

Section  at  Clearfield,  Clearfield  County,  Penn^lvania. — At  the  town 
of  Clearfield,  in  the  county  of  the  same  name,  a  well  was  once  bored  for 
salt.  It  begins  near  the  top  of  these  measures,  and  the  record  shows  the 
following  structure  (Fig.  123),  as  given  in  Report  H,  Second  Geological 
Survey  of  Pennsylvania : 
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HREVB^SH^^ET-fiiSa 

Vi»  •  «  m^  m  *^  *  a  p  •  ■ 

sssssr-xz- 

Fin.  123.~Section  at 
ClHarfleld,  Clear- 
field County,  Pa. 


|IHAIIL..|.HM 

^^>»  mm*  aV  •  »  Jli 


r^4A  »JW^^  «• 


Fio.  125. —Section 
near  Patten  Sta- 
tion,  Clarion 
County,  Pik 


Clearfield^  Pennsyhaniaj  from  hoHng, 

I  See  map,  E  s.J  i^ 

Sandfltone,  ferrnglnoas i G2 

SandfltoDe,  brown 1.....        16 

Sandstone,  light  colored 12 

Sandstone,  coarse,  iron*Btained « 6, 

Slato,  black,  mixed  with  sand 

Sandstone,  Iron-stalnAd,  crumbly 

Slate,  soft  gray 

Sandstone,  iron-stained,  omrably 20 

Sandstone,  white 10 

Sandstone,  grayish  white 20 

Slate,  dark 

Sandstone,  light  gray 

Shales,  and  red  beds  of  No.  XI. 


Ft, 

06 

4 
37 
13 

50 

15 
73 


Total. 


288 


Section  near  BrooJcville,  Jefferson  County^ 
Pennsylvania, — In  the  viciuity  of  Brook- 
ville,  Jefferson  County,  Pennsylvania, 
these  beds  exhibit  the  following  structure 
(Fig.  124),  as  learned  from  surface  obser- 
vations combined  with  the  recprd  of  the 
Brookville  Gas  Company's  well  Ko.  2  : 

Brookville^  JefferBon  County f  Pennsylvania, 

[See  map,  E  p.]  Ft  in, 

1  SandstoneL  massive,  Homewood 75 

2.  Shales  and  sandstone 30 

8.  Coal     0     2 

4.  Fireclay 5 

5.  Sandstone,  massive 70 

•.  Concealed 10 

7.  Sandstone,  massive 00 

8.  Slate 20 

0.  Sandstone,  hard 46 

10.  Slate 4 

11.  Sandstone,  hard 22 

12.  Bed  shales  of  No.  XI. 


|v:>: 


».   ■■»•■>   ■   >•  •  •  « 


iM!'a;»iiite'.i!3(ali  V^ 


7S' 


,  •  •  • 


^■^      *      *  JbJ— fc^b^B^ll 


•       •      •      «    < 


Toij^ 372     2 


'  *  •  t 


iff 


70* 


(•' 


90' 


20' 


Here  the  series  has  thickened  considera- 
ably,  and  the  triple  structure  of  its  sand* 
stones  so  often  found  in  Pennsylvania  be- 
comes prominent.  !No.  4  appears  to  occupy 
the  horizon  of  the  Mount  Savage  fire  clay. 

Section  near  Fatten  Station,  Bed  Bank 
Township,  Clarion  County,  Pennsylvania. — 
Near  Fatten  Station,  Eed  Bank  Township, 
Clarion  County,  Pennsylvania,  the  rocks  of  this  series 
exhibit  the  following  structure  (Fig.  125),  according  to 
Mr.  H.  Martyn  Chance  (Report  W,  p.  116,  Second 
Geological  Survey  of  Pennsylvania) : 

Patton  Station,  Bed  Bank  Townehip,  Clarion  County,  Pennsylvania. 

I  See  map,  Bo.]  FeeL 

1.  Sandstone,  hard,  massive,  Homewood 


Fio.  124— Seotfcm 
near  Brookville, 
Jefferson  Conn* 
ty.  Pa. 


2.  Shale,  with  a  streak  of  coal 

8.  Iron  ore  bed 

4.  Shale ^ 

5.  Sandstone , 

0.  Shale,  with  kidney  iron  ore 

7.  Sandstone  and  shale 

8.  Shale,  with  sandy  layers  and  ore  balls ... 
0.  Sandstone,  with  interbedded  thin  shales. 

10.  Red  shale. 


40 

20 

1 

15 
25 
85 
90 
40 
40 
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SectioH  at  Kellersburg,  Aitnstrong  County,  Pennsylvania, — liTear  Kel- 
lersburg,  ArinutroDg  Coiiuty,  PeniiHylvaiiia,  these  meaaares  bave  tlie 
followiDg  structure  [Pig.  126),  accordingtoMr.  William 
G.  Piatt  (H  S,  p.  194,  BecoDd  Geological  Survey  of 
Penneylvania): 

8«cHon  at  Sellerihmrg,  Arnulnrng  County,  Ptnmfttanta. 

(Sm  map.  F  0.] 


1.  Sudtlone,  mtail 

ve, 

Ian 

or. 

B.  Co^(SewRlTM 

P)- 

TiB.  Isa.—SeetloB 
Kfllleraborn,  Ar 
strong  Conntj.  P 


Here  two  prominent  coal  horizoos  are  repreaented  by 
mere  streaks,  the  upper  one  beiug  that  of  the  Mercer 
'  group  of  weatern  PenaBylvania  and  Ohio,  wliile  the 
tower  is  the  Sharon  ooal  horizon  of  the  latter  States 
and  the  New  River  group  of  West  Virginia. 
*  Section  under  PitUburgh^  Pennsylvania. — Under  Pitts- ' 
'  burgb,  Pennsylvania,  we  learn  the  structnre  of  this 
series  from  the  careful  record  (Fig.  127]  of  the  Jones  &  Langhlin  gas 
well  Ko.  2,  aa  given  in  the  Pennsylvania  Geological  SarTey,lSS6,  p,  734: 

Under  Pitttbargh,  Penntyhania ;  boring. 
[a«  m»p,  I  ai.l 

FtH.  Fttl. 

Bunditone,  TMto.muBiTe,  EomswDod iS) 

SUlf  black,  tnoe  of  «wl 15  i-  W 

S  at«,  durk,  rltli  WDd  alieUs _ !oi 

CoaJaudsUte.  wltb  vblto suiditona- S 

SandatADS.  jR«ytsli  wMto,  flue ■■  S 

CoaL  ooal  alate,  anil  white  ■andetoDC 10 

BaDdalone  and  black  Blat« 18) 

Sudslone,  inflah  vblto.  alalc  in  center 43  j'  TO 

■(lUiilyalialc,  dark ID  I 

Coal Trace. 


Sand;  aliale,  dark 

Sandalnneand  black  slate 

Ilflte  black,  aand;.  trace  of  coal 
Limeilone,  Lower  Carbon  ITDroiia 


Section  uuder  MurraysvUle,  PenntylvatUa. — Uoiier  Murraysville, '' 
iDoreland  Oouuty,  Peunsylvauia,  the  structure  is  thus  exhibited 


(Fig. 
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WHITE.] 


THE   POTTSVILLU   GONGLOMERATE. 


185 


128)  by  the  record  of  the  Philadelphia  Company's  gas  well  No.  49, 

McGutoheon  farm,  according  to  William  S.  Stevenson, 
^      assistant  saperintendent  of  the  company: 


I,  ■  i^T.  ijj  All  m 


;V.  ^ 


►  •  •  •  •  •  •  •>  •  ♦  •  •■ 

^^  •>  *  ♦  •»  •  »  *  ■•  # 


*   •    •    •   V  f   •  • 


iir 


Under  Murraysville,  Westmoreland  County^  Pennsylvania  {boring). 


t€ 


1.  SAndstone,  gray,  hard,  close. 

2.  Slate,  black,  soft 

3.  SandBtone, gray,  bard,  close. 
'4.  Slate,  black,  soft 

5.  Sandstone,  gray,  bard,  close. 

6.  Slatr>,  black,  soft 

7.  Red  shale  of  No.  XI. 


[See  map.  I  n.] 


Feet. 
30 
12 
50 
8 
90 
45 


4S' 


Total : 235 

SecHonunder  Washington,  Pennsylvania. — Under  Wash- 
ington, Pennsylvania,  the  structure  is  thus  given  (Fig. 
129)  by  Prof.  Linton  from  the  careful  record  he  kept  of 
the  Thayer  oil  well  (Geological  Survey  of  Pennsylvania, 
p.  765, 1886) : 


Fio.  128.— Section  nn.        rrjiri.*        »  i  /i-x 

der  MarraysYille.         Under  Washing  ton  y  Pennsyhanta  (oortng). 


[Seemap,  Jk.] 


Ft  in.      Ft  in. 


rSandatone,  fine  gray DM 

1.  Sandstone,     /  Sandstone,  w  bite  micaceoos 32'  (^ 

Homewood  .  ]  Sandstone,  whito  and  dark  mixed. .  17'  I 

(Sandstone,  whit«,flne 29' j 

2.  Coal 

3.  Sandstone,  white,  hard,  salt  wster 66 

4.  Sandstone,  fine,  white  and  dark 15 

5.  Shale,  very  dark,  bard  shells 13 

6.  Sandstone,  white,  fine '. 10 

7.  Shale,black ' 4 

8.  Sandstone,  white,  fine 2 

9.  Shale,  black,  and  coal 

10.  Sandstone,  dose  grained 1 

11.  Shale  and  slate 13 

12.  Shale  and  shells 16 

IS.  Shale,  black,  top  of  Lower  Carboniferous  beds. 


87 
1     6 

110     6 

2 

29 


I  •   a   *  •  •  ■ 


llJii.iitiii'' 


■'■■l>l'A 


/.'.V 


Va     «*••■'•••     'a       •     ^ 


4  •  •  •  • 

■    m  r  t  •  -    -  - 

•    V   *   ■  « 

I   •  •  «  • 

r  •  •  •  * 

iP»4«*    •••••    ••! 

«#«a«»»aaa«a* 

mm     •«•••«••«•• 

»r«*  •■•*•••■ 
'«    *  •  ••••••«•• 

,%  •  •  -!••••••  •  • 

«  •  •  •  f  • 


ff^ 


17' 


25' 


I'aH 


87' 


««'•"* 


MOO' 


Total 230 

Here,  as  at  Pittsburgh  (Section  127),  a  careful  rec- 
ord  discloses  thin  representatives  of  the  Mercer  and 

Kew  Eiver  coal  groups  Nos.  2  and  9,  re-  fio7  i29.-S€ction  un. 

Spectively.  ^^^'^  Washington.  Pa. 

Section  in  Broad  Top  basin,  Huntingdon  County ,  Pennsyl- 
vania.— In  the  Broad  Top  basin  of  Huntingdon  County, 
Pennsylvania,  the  structure  of  these  beds  is  as  follows 
(Fig.  130),  according  to  Eeport  T^,  p.  69,  Second  Geo- 
logical Survey  of  Pennsylvania: 


•  •»•»••«•  •'•  #  •  •  • 

^•«««*««« •••*■•• 
0S  ••••••»•   ••■  •* 

«  •  ■  ■  mm-*  »  •  •  *JL^  '  * 

■  •••■«««•••  v-^'^ 

•  *«•«•«•«•*«  •  •• 

«^  ■  •  •  •  •  mm #••*■• 


i»^^ 


•  W    *  •  %  ^«   «    « •  •  «  I 


>  •  •  «  ■  ■  ■  V 


i^ 


■•ii*  .^m^^^m^A^b^m^ 


11* 


Broad  Top  l>asin,  Huntingdon  County,  Pennsylvania. 

ft 

[See  map,  It.] 

1.  Sandstone,  slightly  pebbly,  Homewood 

2.  Shales,  with  a  coal  bed '. 


Fig.  130.— Section  3.  Sandstouc,  pebbly, 
in  Broad  Top  4.  Shales,  with  a  coal 
hasio,  Hnnting-  6.  Sandstone,  pebbly, 
don  Connty,  Pa. 

Total 


Feet. 

60 
25 
fjO 
10 
25 

160 


The  triple  structure  of  the  sandstones  with  intervening  coal  horizons 
is  noteworthy  here. 
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Section  near  Wellershurg^  Pennsylvania.-^At  the  northern  end  of  the 
Georges  Creek  or  Cumberland  coal  basin,  near  Wellersburg,  Somerset 

County,  Pennsylvania,  these  beds  show  the  following 
structure  (Fig.  131)  in  the  gap  of  Gladden's  Bun, 
through  the  easternmost  ridge  of  the  Alleghanies : 


•  m  •'b  •  < 


•     ■     •»  •    •    •     •    •    «    «   W    01 


•    ■     •  *    •    •    ■ 

I  10  m  *  «  •  •  « 


■  ■  •  «■ 


•  *  ■  •-  • 
I  •  -  ■  •  * 
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75 


^^ 


iiaT 


mV 


Gladden^H  Run,  Somerset  County,  Pennsylvania, 

[See  map,  Lq.] 

rt.  in 

1.  Sandstone,  massive,  Homewood 

2.  Goal,  Meant  Savace • 

n.  Fire  clay,  Moant  baraj^e 7    6 

4.  Sandstone,  pebbly 125 

6.  Sandstone,  dark,  shaly 10 

6.  Shale 1 

(Coal C 

7.  Coal <Slate 

<Coal 

8.  Fire  clay,  impure,  sapdy 10 

0.  Shales,  dark,  with  iron  ore*. 20 

10.  Sandstone,  massive 85 

11.  Red  beds  of  No.  XL 


0*  1') 
0'  4"> 
0*    8") 
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JPt.in. 

75 

4 

143    6 


0    8 


65 


iiiiil 


Total 288    2 
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Fxo.  131.— Section  near 
Wellersburg,  Pa. 


This  section  shows  the  horizon  of 
the  famous  Mount  Savage  fire  clay  to 
be  in  the  Mercer  coal  group.  No.  4 
represents  the Connoquenessing  sand- 
stones, while  No.  7  is  probably  at  the 
horizon  of  the  Sharon  coal. 
Section  near  Piedmont  and  West^mport^  Mineral  County, 
West  Virginia. — The  Pottsville  Qonglomerate  beds 
thicken  very  rapidly  in  x)assing  southward  from  the 
Pennsylvania  line  through  Maryland  and  West  Virginia 
along  the  Alleghany  Mountain  region.  This  is  shown 
by  the  following  section  (Fig.  132),  taken  on  the  North 
Potomac,  at  Piedmont  and  Westernport,  where  that 
stream  cuts  through  the  East  Front  Bidge  of  the  Alle- 
ghanies : 

Near  Piedmontf  Mineral  County,  West  Virginia, 


Itel^ 

5->H-=?=-.=«i 
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mWmrn^. 
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[See  map,  N  p.] 


1.  Sandstone,  massive,  Homewood 

2.  Coal 


FL    Ft.  in. 
20 


45] 

40  I 


12] 
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3.  Shales,  dark,  containing  fossil  plants 

4.  Sandstone,  hard,  massive 

5.  Shales,  and  concealed 30 

6.  Sandstone,  flaggy 10 

7.  Shale 2 

«.  Coal 

9.  Fireclay,  dark,  sandy 12 

10.  Sandstone,  flaggy 10 

11.  Coal 

12.  Shale,  with  nodnlar  iron  ore 2 

13.  Shales  and  flaggy  sandstone ;. 40 

14.  Sandsttme,  white,  pebbly,  very  hard 46 

15.  Shale,  with  streaks  of  coal 

16.  Concealed  shales  and  sandstones 145' 

17.  Sandstone,  niaHoive 10 

18.  Shales,  bltuniinons 10  J>  195 

19.  Sandstone,  flaggy 10 

20.  Sandstone,  ma.Hsive 20 

21.  Coal 1 

22.  Sandstone 4 

23.  Fire  clay  and  shale 3 

24.  Sandy  shales  to  top  of  No.  XI  rod  beds 4 


1 

87 


5 


Mtf 


ft 


«  »  1 1  r  ■  I  >j 


'i'iVri'»'>'tVt'  f^-f 


'^ 


Total 


478 


Fig.  132.— Section 
near  Pledmon  t. 
Mineral  County. 
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Section  on  Black  Fork  of  Cheat  River ^  Tucker  County ^ 
West  Virginia, — In  Tucker  County,  West  Virginia, 
60  miles  south-southwest  from  Piedmont,  in  the  f?ap 
made  by  the  Black  Fork  of  Cheat  River  through  the 
central  portions  of  the  Alleghany  Mountains,  these 
beds  exhibit  a  much  greater  thickneds  than  at  Pied- 
mont, as  will  be  seen  by  the  following  section  (Fig. 
133)  made  there  by  Mr.  James  'Parsons,  chief  engi- 
neer of  the  West  Virginia  Central  Railroad : 

Mouth  of  North  Fork  of  Black  Water,  Tucker  County^  West  Vir- 
ginia. 

[See  map,  P  o.] 


Ft,  in, 

1.  Sandstone, Homewood 

2.  Coa],  slaty  qjid  bitiiminons  shale 

3.  Shale,dark 9 

4.  Sandstone,  massive,  pebbly 228 

5.  Brownshale 2C 

6.  Coal  (Nuttall) 

7.  Shalo.drab 16 

8.  Sandstone,  massive t 47 

9.  Shales  with  Iron  nodales 28 

10.  Fireclay 2 

U.  Shale 4 

12.  Sandstone,  fine  grained,  flaggy 39 

13.  Shale 6 

14.  Coal T. 

16.  Shale -. 24 

16.  Sandstone,  massive 65 

17.  Sandstone  and  shales.....* 43 

18.  Coal 0 

19.  Shale,  brown ,  22 

20.  Coal 1 

21.  Bituminous  shale,  with  coal  streaks 6 

22.  Brownshale 26 

23.  Coal 1 

24*.  Bituminous  shale,  with  coal  streaks 3 

2.'S.  Shale...  32 

26.  Sandstone,  massive 35 

27.  Shale,brown 20 

28.  Bed  beds,  top  of  No.  XL 


JR.  in. 
40 


263 


2      0 


142 


0     8 


1 


>  132 


a 


2 


S     59    10 


87 


Total 


733    10 


Here  we  find  the  entire  interconglomerate  coal 
group  represented.  "No.  2  comes  apparently  at  the 
Mercer  horizon  and  is  the  '^  Railroad  ^  vein  along  the 
Potomac. 

No.  6  comes  at  the  horizon  of  the  Nuttall  bed  of  New 
River,  while  Nos.  14  to  24  represent  the  lower  ones 


Fig.  i33.-soction  at  aloug  that  Stream  as  well  as  the  great  Pocahontas  vein 


BraSkWaf«rwfv^''*"of  McDo^      and  Mercer  Counties,  West  Virginia. 
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Section  near  Rowleshurgj  ^Vest  Virginia, — A  fine  section  of  the  Con- 
glomerate coals  is  exposed  in' the  cats  of  the  Baltimore  and  Ohio  Bail- 
road,  near  the  summit  of  Cheat  Eiver  grade,  4  miles  west  from  Rowles- 

burg,  Prestou  County,  West  Virginia  (Fig.  134) : 


>•*«••■( 


-  «  •  •  «  «  ^  «  A  «  •  «  I 
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.<lZaft</  </t6  Baltimore  and  Ohio  Railroady  Cheat  River  grade,  four 
miles  west  from  RowleBburg,  Preston  County^  West  Virginia. 


SaauAfia 
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[Seeinap,Nn.l  j?^  ^^ 

1.  Sandstone,  mAMive,  coane,  yellowish,  Homewood 

f  Coal 0'  6" 

2.  Coal <  Shalea,  sandy 

(Coal 

3.  Shales, brown, sandy ................................. 

4.  Coal,8iaty 

6.  Shales 3 

8.  Sandstone,  massive '26 

7.  Sandstone, flaggy  ........................ ..•••.....•>>  15 

8.  Sandstone,  massive,  p'ayjsh  white 20 

0.  Sandstone,  flaggy 8 

10.  Shales,  brown 4 

11.  Sandstone,  gfayish  white 20 

12.  Shale,brown 3 

fCoal 0'  5"! 

Shale,  gray 4'  0" 

Coal... 0'  4" 

Shales, drab, sandy...  8'  0" 
Iron  ore C  6" 

13.  New  River  coal  beds.  ^  Shales 5' 0"  > 

Coal 1'  0" 

Shales 10'  0" 

Coal 0'  4" 

Shales,  brown,  sandy. 25'  0" 
Coal 0'  6", 

14.  Shales.brown 20 

15.  Sandstone 15 

1«.  Shales, buff. sandy 20 

17.  Sandstone,  luaiwlve,  pebbly « 20 

IR.  ConcealiHl,  and  shales 20 

19.  Top  of  No.  XI,  red  shales. 


Fl  fa. 
60 

6    II 

45 
2 


98     6 


&5     1 
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95 


ToUl 


362      5 


Fin.  134.->Section  near 
Rowlesburg,  W.  Va. 


Nos.  2  and  4  represent  the  Mercer  coal  group,  Nos. 
6  to  12  the  Connoquenessiug  sandstones^  while  No. 
13  represents  the  New  Kiver  coal  group. 
Section  near  mouth  of  Sandy  Creekj  Preston  County,  West  Virginia, — 
Farther  northwest,  down  Cheat  Eiver,  and  in  the  center  of  the  Ligonier 

basin,  the  Pottsville  series  exhibits  the  following  struc- 
ture (Fig.  135)  near  the  mouth  of  Sandy  Creek,  Preston 
County,  We«t  Virginia : 
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.Year  moti^A  of  Sandy  Creeks  on  Cheat  River j  PrcMon  County y  West 

Virginia, 
[See  map,  M  m.  J  pi^ 
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isl 
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1.  Sandstone,  massive,  very  pebbly  near  middle 

2.  Shales,  dark 

5  Coal 0 
Shale 0 
Coal 0 

4.  Fire  clay 

5.  Slate,  black,  flssile 

6.  Sandstone,  gray 

7.  Shale,  with  streak  of  coal 

8.  Sandstone,  prayish  whito 

9.  GrtM'n  and  red  shales  of  No.  XI. 


'  10"  1 
•    3">... 
'    5"> 


15  i 


ST* 


Ft,  in. 

160 
10 

1    6 


37 

1 

15 


Total 224    6 

Here,  as  frequently  happens,  the  Mercer  coal  group 
disappears  entirely,  while  the  Homewood  and  Conuo- 
nrarmoiuh  of  Sandy  quouessing  sandstoncs  unite  into  one  solid  mass.  Noa. 
Oo'iSity/w.  vii*''''  3  to  7  represent  the  New  Kiver  coal  group. 
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iSeeftott  on  Booth's  Creek,  Taylor  County,  West  Virginia. — The  Btruc- 
tnre  of  the  Pottsville  beds  id  the  region  along  tbe  line  between  Tajlor 
and  Marion  Counties,  West  Virginia,  is  learned  from  a 
boring  made  for  oil  on  Booth's  Creek,  Taylor  County,  by- 
Mr.  John  L.  Steele,  to  whom  I  am  indebted  for  the  fol- 
lowiug  record  (t'ig.  136): 

Soolh'i  Creek,   Taylor  County,   Writ  Virginia  {boring). 

[Seoiii.p,01]  Ft. 

o,  pebbly IN 


1.  SaDditoDc.  Iiard, « 

I.  BlackilHta .  . 

I.  Slialo.  eny  nail  tandyv... 


a.  Sand,  BrRY.' pebbly . , 10 

7.  K.-dli«lsuf  Nu.Xi; 


Here  the  structnre  is  very  math  like  that  of  the 
vious  section  on  Cheat  Kiver,  aud  the  thickness  is 
nearly  the  same. 

Section  under  Clarksburg,  West  Vir- 
ginia.— Under  Clarksburg,  Hani  sod 
<mB«>ui'fic»ek"  Couuty,  West  Virginia,  the  succession  is 
w.Va,  given  as  follows  (Fig.  137),  from  the  rec- 

ord of  the  Despard  gas  well,  on  the  anthority  of  Prof. 
T.  M.  Jackson : 

Clarktburg,  We»l   Virginia  (gaa  well). 
[SeeDiiip.Ok.] 


pre- 
also 


_.  _ }.  wblte. .. 

3.  SamlatoDe,  ;:ny — 
'  ^^uidfttone,  wbile,.' 


r.:EJ: 


Section  near  FarmingUm,    West    Vir-  |^ 

gtma. — Under    the  central   portion    of  '. 

Marion    Couuty,    West    Virginia,    the       urdor'  cinrks- 
structure  is  shown  by  the  record  of  the        "'*' 
Hukill  oil  boring  near  Farmington  (Fig.  138),  as  given 
in  Second  Geological  Survey  of  Pennsylvania,  1880  (pp. 
783, 783) ; 

J^urmin^loN,  Wa»l  Virginia  {oil  boring). 


[Seem 
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2.  SI  el 

1  SUte 

S   SandsWne 

B   Red  beds  of  No.  XL 
Total 
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Section  under  WelUhurg,  West  Virginia. — Under  Wellsburg,  Brooke 
CoQuty,  West  Virginia,  the  Barclay  gas  well  No.  1  gives  the  following 

(Fig.  139)  for  these  beds  on  the  authority  of  Mr.  Bar- 
clay : 
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WelUhurg,  West  Virginia  {gas  boring), 
(See  map,  J  J.] 


mT 


1.  SandAtoDe,  white 

2.  Sandstone,  gray . 

3.  Sandstone,  blue . . 

4.  Coal 

5.  Slate  and  shale... 
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40  j 
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Total ^ 18! 


Fig.  138.— Section  un- 
der Wellsburg,  W. 
Va. 


The  coal  reported  in  this  section  comes  at  the  hori- 
zon of  the  Sharon  bed  of  Ohio  and  Pennsylvania,  bat 
it  was  probably  nearly  all  coaly  slate  or  else  a  local  thickeuing,  since 
other  borings  put  down  in  this  region  do  not  report  it  at  all. 

Section  in  Mercer  Countyy  Pennsylvania, — Along  the  northwestem 
margin  of  the  Appalachian  field  in  the  counties  of  Lawrence  and  Mer- 
cer, bordering  the  Ohio  State  line,  a  series  of  workable  coal  beds  make 
their  appearance  in  the  Pottsville  series  and  extend  along  the  margin 
of  the  field  clear  through  to  southern  Ohio.  The  general  section  of  the 
Pottsville  series  of  Mercer  County,  Pennsylvania,  given  in  Q^  (  p.  33), 
Second  Geological  Survey  of  Pennsylvania,  shows  the  succession  of 
these  coal  groups  as  follows  (Fig.  140) : 
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Fi(..    140— Section    in 
Mercer  County,  Pa. 


Mercer  Counii/,  Pennsylvania, 

[See  map,  Ek.) 

Ft  in, 

1.  Sandstone,  Homewood 

2.  Shales 

3.  Iron  ore 

4.  LiraeBtone,  Mercer,  Upper 

5.  Coal,  Mercer,  Upper 2      6 

6.  Shales 26 

7.  Iron  ore 2 

8.  Limestone,  Mercer,  Lower 2      6 

9.  Shales 10 

10.  Coal,  Mercer,  Lower 2     6 

11.  Shftles 10 

12.  Irouore i 1 

13.  Shales 5 

14.  Sandstone,  Connoqnenessing,  Upper 40 

15.  Shales  with  Iron  ore 10 

16.  Coal,  Quakertown 

17.  Shales *0 

18.  Sandstone,  Connoquenesaing,  Lower 30  K    loo 

19.  Shales,  Sharon,  iron  bearing 30         j 

20.  Coal,  Sharon 4 

22.  Fin*  clay  and  shales 5 

23.  Sharon  Conglomerate,  base  of  No.  XII 20 

Total 301 
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2 

2 

6 

44 
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Section  near  Qtiakertown,  Makmting  County,  Ohio. — Where  the  Ohio- 
FeDR8ylvaQta  State  lioe  crosses  the  Mahoning  River,  neari^uakertowD, 
these  beds  exhibit  the  following  strncture  (Fig.  141): 


p^ 

^ 

OMo-Fen«tyl 

ania  line  on  Mahoning  Biter. 
|Seeiii«p,Fk.|                         jY.in. 
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a.  Coal,  slat;,  Mlddlo  Mercar 
T.Tlr8CliiyftD.lBaDdy»l,Bl« 
B.  LImestoDe.  Lnwcr  Meccir 
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n.  Bine  «LalM,wi.h  iron  ore 
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Sn.-«7fl.Kv:-.:: 

iiaili.Ioii.-.niu>avo  . 

Ion  mn 
Ohio 

IB.  Cool,  ShaTDD.  And  Liltnrain 
20.  Saodilani^,  Ilsitt-T.tobue 

UI  -Sec 
JuukertoiiD 

The  Sharon  coal  of  these  sections  (140, 141)  represents  the  New  River 
coal  group  of  West  Virginia,  since  the  Mercer  group  above  does  not 
furnish  valuable  coal  in  that  region,  but  only  tliiu  slaty  beds. 

Section  in  Holmes  County,  Ohio.— In  Holmes  County,  Ohio,  these  beds 
are  given  as  follows  (Fig.  142),  in  Vol.  V,  Ohio  Geology,  p.  837 : 

Holmta  County,  Ohio. 
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FL  >i 


L  Int«rt^  uuidBtone  and  ibilM 

I.  Limeatone,  Lower  Mercer I    g 

J.  Coal,  Lower  Mercet 

i.  Concealsd 17- 

ft  Coal S 

T.  Gray  alia1<  and  coocealed 23    fl 

S.  SaDdstooe,  Upper  ConnoqaeneaaUig - 15    A 

ft  Coal,  Quakertown tiloiwai 

10.  Sandntonv,  ahaly,  LoK-er  CoDnoqaeoeesinK 33    6 

11.  Coal.  Utin 

12.  Saodatflne 3 

13.  Coal.Sbaron Z    B 

H.  Fire  clay 10 

1!>.  Lowor  CarbuoiferouB  bcda. 

Total 114    S 
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Section  in  Washington  Countyj  Ohio. — In  WashiDgtou  County,  Ohio, 
the  Pottsville  measures  are  given  as  follows  (Fig.  143)  by  Mr.  F.  W. 

Minshall,  from  the  record  of  the  Epler  oil  boring: 

Epler  oil  boring ^  Washington  County,  Ohio. 
[See  map,  M  g.] 


FlO.  U3.— SeoiioQ 
iu  WashiufEton 
CouQty,  Ohio. 
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Fio.    14ft.— Section 

near  Burning 

pringo,  W.  V  a. 


1.  Sandstone 

2.  Shalea 

3.  Coal 

4.  Shalea 

5.  White,  pebbly  aandstone  .. 

6.  Black  shales 

7.  Lower  Carboniferous  bods. 
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Section  at  ParJccrsburgj  West  Virginia, — The  Camden 
Consolidated  Oil  Company,  in  boring  at  Parkersbnrg, 
West  Virginia,  found  the  following  structure  (Fig.  144), 
according  to  Mr.  K.  A,  Cole,  the  superintendent: 


Parkeraburgy   Heat  Virginia  (boring). 


[See  map, Of.] 


Ft. 


1.  8halee,gray 110 

2.  Sandstone,  bard,  white 50 

3.  Slate,  black 25 

4.  Sandstone,  hard,  gray r*0 

5.  Shales  of  No  XL 


Total 


235 


Se4itwn  near  Burning  Springs^  West  Vir- 
ginia.— Near  Burning  Springs,  Wirt 
County,  West  Virginia,  these  same  beds 
have  this  succession  (Fig.  145),  as  found 
in  the  Simpson  oil  boring  by  Mr.  Min- 
shall  : 

SimpBon  wellf  Wirt  County,  West  Virginia. 

[See  map,  Pg.] 


1.  Sandstone 

2.  Coal 


3.  Sandstone 

4.  Shales 

6.  Coal 


6.  Sandstone 

7.  Shales 

8.  Sandstone 

9.  Shales 

Coal 


10 

11.  Conglomerate 

12.  Shales 

13.  Limestone,  Subcarboniferous. 


Fio.  144.— Section 
under  Parkera- 
burg,  W.  Va. 
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ToUl 352 

The  Burning  Springs  section  (Fig.  145)  shows  a  rapid 
increase  in  the  thickness  of  these  beds  towards  the 
southeast,  since  they  are  just  twice  as  thick  here  as  in 
Washington  County,  Ohio  (Section  143),  50  miles  distant. 
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Section  near  Jackson  Fumacej  Jackson  County^  Ohio. — In  JackBon 
Goanty,  Ohio,  the  Pottsville  series  has  the  following  structare  (Fig. 

146)  near  JacksoD  furnace,  as  given- in  the  Ohio  Geo- 
logical Survey,  1870  (p.  158) : 

Jackson  Furnace^  Jackson  County,  Ohio, 

l8wm»p,Pb.j  i^^^ 

1.  Ironore 0     8 

2.  Interval 20 

3.  Ironore i. 0     7 

4.  Coarse  Mndetone 15 

5w  Coal trace 

6.  8hale 18 

7.  Ironore 0 

8.  Clay,  shale 1 

9.  Sandstone,  coarse 20 

10.  Sandy  shales  and  laminated  sandstone 115 

11.  Coal  .   2 

12.  Fireclay  2 

•  13.  Clajr.shale  2 

IS^  16.  Coal   0 

10        17.  Shales  and  sandstones  to  base  of  No.  Xn  20 


• • » » • » • •••••• 


•  «»  •  •  ft  •X*  •*• 


6 


^.^20' 


Total 238     7 


«no.  i4o.->section  SccUon  at  Hanging  Rockj  Sciota  County^  Ohio.^^ln  the 
^ce^^jaTkron  vlcinity  of  Hanging  Eock,  Ohio,  the  Pottsville  series  has 
County.  Ohio.      ^^^  following  Structure  (Fig.  147) : 


ia«ft«#««****« 


» a  %  •  •  a^«  •  •  •  ...  . 


4</ 


■•. - "i^ 


Hanging  Rocky  Sotoia  Couniyj  Ohio, 

[See  map,  B  a.]  j^  ^^^ 

1.  Sandstone,  massive 40 

2.  Fireclay 5 

8.  Limestone  and  iron  ore.  Upper  Mercer 1 

4.  Shales    20 

5.  Coal,  Upper  Mercer 0     4 

6.  Fireclay,  sandy 2 

7.  Sandstone,  shaly 8 

8.  Shales,  drab 8       , 

SCoal 0*6") 

Fireclay V4f'> a     I 

Coal 1'4"> 

10.  Fire  clay  and  shales 5 

1 1 .  Sandstone,  ConuoqueneMinff,  Upper,  massire,  coarse,  yellowish 80 

12.  Sandy  shales  and  shaly  sandstone 15 

iCoal  0'  5") 

Slate 0'3"> 2     1 

Coal r  6"> 

14.  Fireclay 8 

15.  Sandysnales 17 

16.  Sandstone,  Lower  Connoqnenesalng,  massive » 25 

17.  Shale^dark  blae,  with  iron  ore 5 

18.  Iron  ore,  sandy a 1 

10.  Blue  sandy  shales         40 

20.  Interval  to  base  of  Pottsville  beds  under  river,  lh>m  drill  hole  (B.  B. 

WiUard) 40 


Total 270     6 


Fio.  147.  —  Section     Here  the  Mercer  group,  together  with  the  Quakertown 


so?St?%Snty.  coal,  is  distinctly  recognizable  at  the  very  southern  bor- 
^^^^-  der  of  Ohio,  while  the  Gonnoquenessing  sandstones  and 

the  dark  blue  Sharon  iron-bearing  shales  below  look  exactly  like  the 
same  beds  in  eastern  Ohio.  The  base  of  the  series  was  given  me  here 
from  the  record  of  a  bore-hole  put  down  by  Mr.  E.  B.  Willard,  super- 
intendent of  the  Hanging  Bock  Goal  Gompany. 
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Section  on  Big  Sandy  River,  Lawrence  County y  Kentucky. — ^Twenty  miles 
up  the  Big  Sandy  River^  and  near  the  month  of  Blaine  Greek,  the  soo- 

cession  of  the  series  is  as  follows  (Fig.  148)  according  to 
the  record  of  Bigdon  gas  well  No.2y  as  famished  by  Mr. 
F.  H.  Oliphant: 


*******  V  *  *  ^  wff 

'•  •  •  •  •"«  •"•  •%  fc  <" 


Under  Big  Sandy  Biver  at  mouth  of  Blaine  Creek  (baring). 

[See  map,  Vb.j 
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'  1.  Sandttone,  white 

2.  SUte,  black 

3.  Sandstone,  white 

4.  Sandstone,  dark  gray 

6.  Slate,  gray 

8.  Sandstone,  dark 

7.  Slate,  gray 

8.  Sandstone,  dark  gray 

9.  Sandstone,  white,  salt  water 

10.  Sandstone,  dark  blue 

11.  Slate,  blaok 1 

12.  Sandstone,  white 

13.  SUte,  blaok 

14.  Shells 

15.  Sandstone,  hard  blue 

18.  Limestone,  Lower  Carboniferoas. 


n 

25 
I 

a 

23 

15 
91 
20 
44 
100 
If 
10 

•« 
'25 

If 


ToUl 


445 


. . *«••»•  • .  • 
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This  section  exhibits  the  beginning  of  the  great  sonth- 

eastern  thickening  of  the  Pottsville  series  aloniirthe  Big 

Sandy,  bat  we  have  not  safficient  data  southward  from 

Blaine  Creek  to  trace  the  rate  of  increase  along  the  Tag 

Fork,  since  even  the  top  of  the  Pottsville  does  not  rise 

to  daylight  on  that  stream  for  100  miles  above  the  month 

Fio.i48.-section  of  Blaine.    When  the  bottom  series  does  finally  come  to 

SvSrn^irSSStf  the  surfacc  at  the  southern  edge  of  McDowell  County, 

of  Blaine  cre«k.     ^^^^  Virginia,  it  is  not  less  than  1,500  feet  thick,  and 

may  possibly  be  2,000,  since  the  Kentucky  geologists  claim  the  latter 

thickness  for  these  measures  on  the  headwaters  of  the  Big  Sandy. 

There  is  no  point  along  the  Tug  River  in  West  Virgiuia  where  a 
vertical  measurement  can  be  made;  hence,  if  the  exact  thickness  is 
ever  determined  it  must  be  by  a  boring. 

The  black  slates,  Nos.  2,  11,  and  13  of  the  above  section,  probably 
represent  the  interconglomerate  coal  beds. 
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Section  under  CharUatony  Kanateha  County,  West  Virginia.— Oa  the 
Great  Kanawha  Birer  Bome  recent  borings  for  ga«  hare  supplied  the 
Deceesary  data  there,  thas  giving  measQrements  at  two 
points  before  the  whole  formation  comes  to  the  snrface. 
The  first  one  of  these  is  the  record  of  the  Edwards  gas 
well  No.  3,  bored  at  Charleston,  West  Virginia,  which 
gives  the  following  atmctare  (Fig.  149)  for  these  beds, 
according  to  Mr.  William  S.  Edwards: 


Under.  Charteito*,  Sanateha  Counts,  Wtet  Virginia  (boring). 
[S»ni»p.Ttl 


Sr- 


:'^$'^\ 


B.  HwdbUckibaUiuidgu... 

9.  Wlilts  Mkodstime ., 

10.  BUok  u 

IL  WUts  unilal 

12.  Bluk  undih 

13.  WhIM  M 

14.  BBrdihelli-- 

15.  WlitaM 
U.  Buidahe11,h*Td.- 
IT.  Wblts  ■ 


IB,  Lower  CarboDtfannu  limMl 


Here  the  Pottsville  series  has  thickened  to  abont  three 
times  its  size  at  the  northveBtem  oatcrop  of  these  beds 
in  Ohio,'100  miles  distant.  Whether  the  thickening  is 
gradual  or  abrupt  ia  not  known,  and  can  not  be  antil 
more  borings  are  made.  It  is  probably  gradual  from 
the  center  of  the  great  Apalachiau  trough,  50  miles 
northwest  of  Charleston. 

The  iotercoDglomerate  coal  beds  appear  to  be  entirely 
FM.iu.—SMtkiniin.  absent  from  the  above  section,  eioce  not  even  black 
Kuuwha  CoBntr',  slstes  are  present  according  to  the  driller's  record. 
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Section  at 
ing  Springy 


11  ■  1 1 J  i  J 1 1 1 1 


Burning  Spring^  Kanawha  dmnty^  Weit  Virginia. — At  Born- 

9  miles  south  from  Charleston,  the  record  of  Edwards  gas 

well  Na  1  gives  these  beds  as  follows  (Fig.  150) : 

« 

Burning  Spring,  Kanawha  County,  We9t  Virginia  {boring), 

[See  map,  Tf.] 
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1.  Sftxidsto]i6, hard whit6. .•••.«•••«.••••••••• 

3.  Sandstone,  hard  white,  saltwater , 

4.  Shale  and  slates,  light  colored ~-< 

5.  Sandstone,  very  hard  and  white,  with  salt  water  . . . . 

V*  oiate,  oiacK ••••■•  •••■••  ••••••*••■••  •■••••  •»••••  •■•••< 

7>  Sandstone,  hard  white.  .*•>••••••>•••••••••>•«•••••• 

S.  Sandstone,  Dine  hard  .......•••••••>••*•••••••••••••• 

9.  Limestone,  Lower  Carboniferons 


rt. 


200 
100 
255 


i 


FL 

171 

5S3 


50 


Total S» 

No.  2  represents  the  Mercer  coal  group,  though  do 
coal  thick  enough  to  mine  ever  occurs  at  this  horizon 
to  the  southward,  where  these  beds  rise  above  water 
level. 

The  'Sew  Biver  coals  belong  in  Nos.  4  and  6  of  the 
section,  but  they  here  contain  no  coal  whatever,  though 
only  40  miles  north  from  the  New  Biver  coal  field. 

The  series  has  here  increased  .259  feet  in  thickness 
in  9  miles,  a  very  rapid  rate,  and  possibly  indicating 
that  the  great  thickness  (580  feet)  found  under  Charles- 
ton may  have  been  abruptly  instead  of  gradually  ac- 
quired. 

In  this  boring  a  considerable  flow  of  natural  gas 
was  obtained  in  the  top  of  the  Pocono  sandstone,  or 
*^  Big  Injun"  oil  sand,  at  a  depth  of  about  1,000  feet 
This  is  the  locality  where  natural  gas  was  first  used 
for  manufacturing  purposes  in  the  United  States,  as 

far  back  as  1841.  It  was  utilized  for 
evaporating  salt  water.  One  of  the  gas 
wells  found  here,  according  to  report, 
displaced  for  fuel  2,000  bushels  of  coal 
daily  during  a  period  of  ten  years.  The 
last  well,  however  (bored  in  1887),  does 
not  produce  much  over  500,000  cubic 
feet  of  gas  daily.  The  most  productive 
wells  were  situated  near  the  crest  of  the 
anticline  which  crosses  the  Kanawha 
River  at  Burning  Spring. 
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Section  near  NuttaUhurg^  Fayette  County^  West  Virginia^ — Passing  on 
southward  np  the  Kanawha  and  New.  Bivers,  there  is  no  opportunity 

to  get  another  meastirement  of  the 
Pottsville  series  antil  all  of  its  mem- 
bers have  risen  above  the  level  of  New 
Eiver,  in  the  vicinity  of  Nuttallburg, 
Fayette  County,  West  Virginia,  50  miles 
distant  from  Burning  Spring,  where 
the  following  succession  occurs  (Fig. 
151): 
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Vicinity  of  Nuitallhurg,  Fayette  County ^ 

Virginia. 

[See  map,  U  h.] 

Ft. 

1.  Sandstone,  mmmive,  pebbly,  Home- 

wood 110 

2.  Shalee  .-^ 

3.  Coal 

4.  Sandy  sbaiea  and  eandatone 

6.  Snndatone 

6.  Black  alate 

7.  Coal 

8.  Shales  and  sandstone 

9.  Coal 

10.  Shales,  sandstone  and  shales 

11.  Coal,  Nnttali ' 

12.  Sbal(>s  and  slates  75) 

13.  Sandstone,  maasive 165  I 

14.  Slates,dark 10  f 

15.  Concealed,  and  shales 120  J 

16.  Coal,  Fire  Creek 

17.  Shales  and  sandstone 

(Coal 

ISkUr 

18.  CoaI,Qiiinnimont  (?)  >!  Coal 

Slate 

ICoal 

10.  Shales  and  sandstone 

20.  Coal«  slaty 
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24.  Concealed  

25.  Sandstone,  mastlve 

26.  Concealed,  and  sandstone 

27.  Sandstone,  massive        

28.  Concealed,  and  sandstone  to  top  of 

Ko.  XI  shales 
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No.  11,  the  Nuttall  coal,  is  the  highest 
member  of  the  Now  River  group  that 
ever  furnishes  valuable  coal  along  that 
stream.  Its  place  in  the  Pottsville 
series  is  400  feet  below  the  top,  and  the 
other  thin  coals  above  it  belong  to  the 
Mercer  group. 

Whether  No.  IS  is  identical  with  the 
Quinnimont,or  whether  this  latter  coal 
is  the  same  as  the  Fire  Greek,  No.  16, 
are  questions  yet  unsettled. 

Just  what  represents  the  Pocahontas 
coal  of  McDowell  and  Mercer  Counties 
in  this  section,  or  whether  it  is  repre- 
sented at  all  is  uncertain,  but  No.  IS  may  possibly  come  at  that  horizon. 


Pio. 


151. -Section  in  vicinitv  of  Nnttall- 
burg.  Fayette  County,  W.  Va. 
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Section  on  Crane  Creek^  Mercer  County^  West  Virginia, — At  the  ex- 
treme southeru  edge  of  the  Appalachian  field  in  Meroer  County,  West 

Virginia,  the  following  Bectiou  (Fig.  152) 
of  the  Pottsville  series  was  obtained 
upon  the  waters  of  Crane  Creek  by  add- 
ing 400  feet  to  the  summit  of  the  column 
for  the  estimated  thickness  of  beils  re- 
moved  by  erosion : 

Crane  Creek^  Meroer  County^  Weat  Virffinia. 

f  See  map,  T  g,  ]  rt.    FLin. 
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IfiQ.  152.  —SectlOD  on  Crane  Creek,  Meroer 
County,  W.  Va. 


1.  Sand Rtones  and  Hhaloa,  here  eroded  from 

topof  No.  XII  (estimated) 4001 

2.  Sbalea  and  sandal  ones luo  i 

3.  SandtttoDB and  shales 35  \^^g^ 

4.  Saodstone,  gray 20  f  ^ 

5.  Shales,  and  concealed 60  I 

8.  Sandatone,  massive,  and  shales 05  J 

Coal 0'  2"  I 

Shales 2'  6'' 

7.  Coal NCoal 2' 4"  7    2 

Shale 0'  6"  I 

Coal V  8"  J 

8.  Shales,  sandstone. and  concealed lio  i  ..^ 

9.  Shales 65"* 

10.  Coal,  good  1    8 

11.  Shales,  and  concealed 100  > 

10  >  113 


3) 


12.  Sandstone 

13.  Shale 

SCoal 3' 
Shale 
(Zealand  slate. 
15.  Concealed,  with  shales,  sandstones,  and 
two  thin  coals 

"•  ^7i\f?n!^'"'**  ^shl::::;::::  %  %'] 

<^«-^^^) (Coal •'0"S 

17.  Shales,  sandstone,  and  concealed 

18.  Coal  (No.  II) 

19.  Sandstone  and  shales 

^V*    \i>VvU  \  J3I  0«  X^     •••••••*•«**•*••«•••■»•••*••• 

22.  Sandstone,  sray. 
rk  .  - 


3) 


281 
85 


6 

IvO 
13 

80 
2 

20 
0 


6 

2 


23.  Shales,dBrk 20 

24.  Concealed 50 

25.  Sandstone,  and  concealed 40 

26.  Sandstone,  gray,  massive —  10 

27.  Green,  limy,  foaailiferoas  shales,  top  of 

Lower  Carboniferous. 


>183 


Total I»402 

The  interval  added  to  the  top  of  the 
Pottsville  in  this  section  is  only  an  esti- 
mate at  best,  and  the  amonnt  may  not 
be  near  large  enough,  since  the  Ken- 
tucky geologists  report  the  series  as 
2,000  feet  thick  not  many  miles  south- 
west from  this  region. 

The  separate  coal  beds  of  this  section 
can  not  yet  be  satisfactorily  correlated 
with  those  on  New  Kiver  (Section  151). 
At  one  time  the  writer  was  inclined  to 
believe  that  No.  7  might  be  the  equiva- 
lent of  the  Nuttall  vein,  and  that  No.  16 
of  this  section  was  probably  identical 
with  No.  18  of  the  Nuttallburg  section 
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(151)f  bat  the  Pocahontas  coal  lies  200  feet  nearer  the  base  of  the 
Pottsville  series  than  No.  16  does  on  New  River,  and  hence  anless  this 
part  of  the  series  thins  away  towards  the  southwest,  which  seems  im- 
probable, the  possibility  of  Identity  is  rather  slender.  The  mining 
operations  of  the  next  few  years,  however,  may  be  depended  upon  to 
settle  the  question,  since  it  has  a  more  than  scientific  interest. 

A  cursory  examination  of  the  sections  given  will  show  that  the 
Pottsville  series  generally  has  something  like  the  following  struct^ure : 

Sandstone  (Homewood). 
Coal  group  (Mercer)* 
Sandstones  (Connoqaenessing). 
Coal  group  (New  River). 
Sandstone  (Sharon). 

Of  course  when  the  series  attains  S9ch  an  excessive  thickness  as  on 
the  New  Biver,  for  instance,  the  structure  is  more  complicated  than  the 
above  scheme  would  indicate,  and  yet  even  then  a  general  agreement 
can  usually  be  made  out. 

Having  now  glanced  at  the  general  structure  of  these  measures,  we 
shall  take  up  the  more  important  members  and  describe  them  in  detail* 

CHABAOTEBISTIO  HOBIZONS. 

THE  UOMBWOOD  SANDSTONE* 

The  Pottsville  series  is  nearly  everywhere  capped  with  a  coarse 
sandstone,  which  is  quite  different  in  texture  and  general  appearance 
from  any  of  the  sandstones  in  the  Goal  Measures  above.  In  the  vicinity 
of  Homewood,  Beaver  County,  Pennsylvania,  this  rock  attains  a  thick- 
ness of  150  feet,  and  was  named  from  that  locality.  It  is  generally 
quite  massive,  makiog  great  clifis  along  the  streams  and  covering  the 
summits  with  huge  blocks  axrangedin  "rock  cities."  While  usually 
quite  hard,  it  generally  splits  well  and  makes  excellent  building  stone, 
the  blocks  from  it  being  almost  indestructible.  Although  generally  of 
a  yellowish  or  huffish  gray  tinge,  it  occasionally  consists  of  almost  pure 
white  quartz  grains,  and  hence  sometimes  supplies  glass  sand  of  excel- 
lent quality.  This  might  be  called  the  "  cascade"  member  of  the  Potts- 
ville series,  since  it  so  often  produces  water -falls. 

In  Pennsylvania  it  is  generally  30  to  50  feet  thick,  but  occasionally, 
as  at  Homewood  and  other  points,  it  thickens  up  to  75  or  even  150  feet 

Westward,  in  Ohio,  the  rock  thins  down  and  is  often  only  15  to  20 
feet  thick,  but  still  distinctly  recognizable  as  a  heavy  bedded,  coarse 
sandstone,  filled  with  fossil  stems  and  trunks  of  trees,  mostly  lepido- 
dendron  and  sigillaria.  It  is  seen  in  the  bed  of  Little  Beaver  near  its 
mouth,  and  frequently  between  that  i>oint  and  Fredericktown.  It  is 
the  quarry  rock  in  Ooshocton  County  referred  to  in  Vol.  V(p.  104),  Ohio 
Geology,  where  it  is  30  feet  thick  and  of  the  same  type  so  often  found 
in  Pennsylvania.    From  this  point  on  across  Ohio,  to  Ironton  and 
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HaogiDfi:  Bock,  it  is  freqaently  seen,  and  at  the  latter  point  makeH  one 
of  the  frroat  cliffs  in  the  steep  hillside  which  gavjB  name  to  the  plaee, 
being  there  40  feet  thick. 

Along  the  Great  Kanawha  this  rock  comes  to  water  level  at  the 
month  of  Armstrong  Greek,  and  from  there  on  np  that  stream,  as  well 
as  ap  the  New  and  Gauley  rivers,  is  a  great  cliff  rock  150  to  200  feet 
thick.  It  crowns  the  walls  of  the  New  Biver  caiion  at  Hawk's  Nest 
and  other  points  to  Nnttallburg  and  beyond,  where  it  seems  to  change 
suddenly  in  character  southward  from  that,  becoming  soft  and  easily 
disintegrating  to  a  heap  of  coarse,  brown  sand. 

On  the  Tng  fork  of  Big  Sandy  this  stratum  makes  great  clififs  along 
the  hills  through  the  ^'roughs"  of  Tng,  and  sinks  below  that  stream  at 
the  mouth  of  Ben's  Creek,  95  miles  above  Louisa. 

Ohio  Pyle  Falls,  on  the  Youghiogheny  Biver,  is  made  by  this  rock, 
and  the  upper  portions  of  the  great  cascades  on  the  Black  Water  and 
Glady  forks  of  Cheat  pour  over  the  same  stratum. 

It  is  the  gas-bearing  member  in  western  Pennsylvania  and  northern 
West  Virginia. 

THK  MERCBR  GROUP. 

In  western  Pennsylvania  a  group  of  coals  associated  with  two  fossil- 
iferous  limestones  makes  its  appearance  directly  under  the  Homewood 
sandstone,  and  extends  almost  uninterruptedly  across  the  Ohio  field  to 
Hanging  Bock.  It  was  first  fully  described  from  the  vicinity  of  Mercer, 
Pennsylvania,  and  named  from  that  locality.  When  well  develo]>ed 
the  group  presents  the  succession  seen  in  Section  140,  and  is  40  to  50 
feet  thick. 

The  two  limestones  are  very  much  alike,  except  the  Lower  Mercer  is 
a  little  darker  blue  than  the  Upper,  and  is  the  more  persistent.  Both 
are  crowded  with  fossils  and  are  frequently  chert:i^,  some  of  the  famons 
<^ flint  ledges"  of  Ohio  being  made  by  one  of  these  beds.  Bach  lime- 
stone usually  carries  an  iron  ore  on  its  top  of  the  variety  known  as 
^' block"  ore.  The  Upper  Mercer  is  known  as  the  Zoar  limestone  in 
many  portions  of  Ohio,  and  its  ore  is  called  by  several  terms,  among 
which  are  "  Dunkel  Block,"  "Franklin  Block,"  "Main  Block,"**  Big 
Red  Block,"  etc.  The  Lower  Mercer  was  formerly  known  as  the  **Blne' 
limestone,  and  its  corresponding  ore  as  the  *<  Blue  Limestone  Block," 
"  Little  Block,"  etc 

The  Mercer  coals  are  generally  two;  the  upper  one  coming  under  the 
Upper  Mercer  limestone  and  the  lower  one  under  the  Lower  Mercer 
limestone.  Occasionally  there  is  also  a  coal  on  top  of  each  limestone^ 
but  these  beds  are  sporadic,  and  hence  do  not  merit  a  designation, 
though  Orton  has  applied  the  name  **  Tionesta"  to  the  upper  one  in 
Ohio,  as  the  writer  did  in  Beport  Q*,  on  Lawrence  County,  Pennsyl- 
vania. 

These  Mercer  coals  are  generally  rich  in  asb,  and  are  seldom  mined 
on  a  commercial  scale,  although  they  are  quite  persistent  from  western 
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Pennsylvania  all  around  the  northern  margin  of  the  Ohio  coal  field. 
Both  of  them  occasionally  become  cannel  in  Ohio^  the  upper  being;  the 
Strawbridge  cannel  of  Holmes  Oounty  and  the  Bedford  cannel  of  Co- 
shocton, according  to  Orton,  while  the  lower  coal  is  the  Flint  Bidge 
cannel  of  Licking  County.  Neither  of  these  beds  seldbm  exceeds  3  feet 
in  thickness,  and  they  are  more  frequently  only  1  or  2. 

Eastward  from  Mercer  and  Lawrence  Counties,  Pennsylyania,  the 
limestones  disappear  from  this  group  and  the  coals  thin  away,  except 
arouud  the  northern  rim  of  the  coal  field,  where,  in  McKean  County, 
the  Alton  coal  group  of  Ashburner  probably  represents  the  Mercer 
coals,  so  that  usually  onl}*^  one  is  left,  and  it  is  generally  quite  impure. 
This  bed  has  received  a  different  name  for  nearly  every  locality  where 
it  attains  workable  thickness.  Bogers  called  it  the  Tiouesta  coal  in 
Forest  County,  Pennsylvania,  and  it  is  the  Mount  Savage  bed  of  Som- 
erset. Along  the  north  Potomac  Biver  it  frequently  appears  in  the 
cuts  of  the  West  Virginia  Central  Bailroad,  and  is  there  known  as  the 
'^  Bail  road  seam."  It  has  been  mined  for  local  use  just  above  Valley 
Falls,  Taylor  County,  West  Virginia,  where  it  lies  near  water  level, 
and  is  4  feet  thick,  with  a  slate  near  center.  It  always  presents  a  coarse 
structure,  and  no  first-class  fuel  is  ever  obtained  at  this  horizon.  Along 
the  New  Biver,  and  through  all  the  country  between  it  and  the  Tug 
Fork,  only  an  insignificant  coal,  1  to  2  feet  thick,  occurs  at  this  level. 

The  famous  Mount  Savage  fire  clay  of  Pennsylvania  and  Maryland 
comes  within  the  limits  of  the  Mercer  group,  and  directly  underlies  the 
Mount  Savage  coal,  which  it  occasionally  replaced 

THZ  C0NN0QUE1OE88INO  SANDSTONES. 

Below  the  Mercer  group  there  comes  the  great  sandstone  horizon 
par  excellence  of  the  Pottsville  series.  This  group  is  generally  triple, 
there  being  a  massive  sandstone. at  top,  then  a  coal  and  shale  interval, 
below  which  is  another  massive  sandstone.  These  sandstones  were 
first  studied  by  the  writer  along  the  Connoquenessing  Biver,  in  Law- 
rence County,  Pennsylvania,  and  they  were  designated  from  that 
stream.  The  Massillon  sandstone  of  Newberry  represents  only  a  por- 
tion of  the  group;  otherwise  it  would  have  precedence  in  nomenclature. 

Each  of  these  sandstone  members  is  from  40  to  50  feet  thick,  though 
occasionally  the  shale  and  coal  separating  them  thins  out  and  they 
coalesce  into  one  mass  150  to  200  feet  thick,  or  even  more.  They  are 
generally  quite  hard,  the  quartz  grains  being  finer  and  more  compactly 
arranged  than  in  the  Home  wood  sandstone  above.  The  color  is  more 
frequently  yellowish  white  than  any  other,  though  sometimes  it  is  gray. 

The  Quakertown  coal  comes  between  the  two  sandstone  members  of 
the  group.  It  seldom  exceeds  2  feet  in  western  Pennsylvania  or  east- 
ern Ohio,  and  unless  it  should  be  the  '<  Jackson  shaft,"  or  <^  Wellstou" 
coal,  it  does  not  seem  to  attain  much  importance  in  that  State,  though 
it  is  often  present  in  the  series  as  a  thin  bed,  being  represented  in  the 
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Hanging  Bock  section  (147)  by  number  13,  wLich  is  only  2  feet  thick, 
slate  and  all. 

East  from  the  Mahoning  River  no  workable  coal  is  known  at  this 
horizon  in  Pennsylvania,  though  a  thin,  coal  or  black  slate  is  often 
present. 

THE  NEW  RIVER  COAL  GROUP. 

The  great  development  of  coal  in  the  middle  and  lower  half  of  the 
Pottsville  series  along  !New  Biver,  West  Virginia,  has  given  name  to 
this  group.  Although  there  are  thin  representatives  of  the  group  in 
nearly  every  section  of  the  Pottsville  which  is  exposed  in  Pennsylvania. 
yet  only  around  the  northwestern  margin  of  the  field  in  that  State  is 
any  valuable  coal  found  at  this  horizon,  namely,  the  Sharon  coal  of 
Mercer  County.  This  bed  occurs  in  pockets  and  isolated  basins,  in  t^e 
western  part  of  Mercer,  where  it  is  3  to  5  feet  thick,  and  a  "  block,"  or 
open-burning  coal  of  great  purity.  It  enters  Ohio  in  the  same  patchy 
condition,  and  extends  through  Mahoning,  Trumbull,  Portage,  Sammit, 
Stark,  Medina,  and  Wayne  Counties  of  northeastern  Ohio,  and  it  is 
probably  the  "Jackson  shafb^  or  **  Wellston"  seam  of  Jackson  County 
ill  southern  Ohio.  In  all  cases  it  is  the  same  open-burning,  pore  fuel, 
very  low  in  ash  and  sulphur. 

This  Sharon  bed  and  its  thin  rider  appear  to  represent  'all  the  coals 
in  the  New  Biver  group,  and  hence  it  can  not  be  called  identical  with 
any  one  of  them,  though  according  to  Prof.  Fontaine  the  flora  of  the 
Sharon  roof  shales  is  very  similar  to  that  found  in  the  roof  of  the 
Quiuniraont  bed  on  N^ew  Hiver.  These  roof  shales  of  the  Shm-on  coal 
through  western  Pennsylvania  and  across  Ohio  are  a  very  character- 
istic feature.  They  begin  directly  under  the  Connoquenessing  sand- 
stones, and  are  often  40  to  50  feet  thick,  of  a  dark  blue  color,  and 
generally  contain  much  iron  ore  (carbonate)  in  nuggets  and  bands. 
These  shales  show  the  same  character  at  Hanging  Bock  (Section  147), 
in  southern  Ohio,  as  they  do  on  the  Mahoning  at  the  east. 

In  passing  southward  from  Pennsylvania,  along  the  Alleghany  Monn- 
tain  region,  one  of  these  New  Biver  beds  thickens  up  to  3  feet  in  Garrett 
County,  Maryland,  just  east  from  the  West  Virginia  line,  and  has  there 
been  mined  for  local  use  on  the  land  of  Mr.  Browning.  It  comes  near 
the  base  of  the  Pottsville  series,  is  quite  soft  and  pure,  and  exhibits  the 
same  coking  type  as  these  coals  all  do  on  New  Biver.  One  of  these 
beds  is  also  workable  along  Shaver's  Fork  of  Cheat  Biver,  east  from 
the  Beverly  Valley.  This  coal  group,  which  is  well  shown  in  the  Black 
Water  section  (133)  of  Tucker  County,  grows  in  importance  southwest- 
ward  through  Bandolph,  Webster,  Greenbrier  and  Nicholas  Counties, 
into  Fayette,  where  at  Nuttallburg  on  New  Biver  we  find  the  type 
section  of  the  group  (No.  151),  which  there  incloses  three  workable  coal 
beds  besides  several  too  thin  to  be  of  economic  importance.  '  The  three 
workable  beds  are,  in  descending  order,  the  Nuttall,  Fire  Creek,  atid 
Quinnimont,  with  the  intervals  separating  them  shown  in  Section  15L 
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These  coals  vary  from  3  to  5  feet  in  thickness  along  Kew  Kiver,  and 
ave  the  ones  from  which  the  celebrated  New  Biver  coke  is  now  mana- 
factnred.  The  Nnttall  is  the  most  regular  and  persistent,  being,  the 
only  one  which  dips  below  winter  lerel  at  the  north  wit)i  a  workable 
thickness. 

They  are  all  quite  soft,  very  low  in  ash  and  snlphur,  and  rich  in  fixed 
carbon,  making  coke  of  the  greatest  parity. 

The  Fire  Greek  and  Qainnimont  beds  are  quite  irregular  in  their  dis- 
tribution and  thickness,  but  both  of  them  furnish  much  good  coal  on 
New  Kiver.  I  have  termed  the  lowest  bed  the  Quinnimont,  but  the 
stratigraphical  horizon  of  the  Quiunimont  seam  is  not  yet  settled;  since 
it  may  prove  identical  with*  the  Fire  Gi^ek  bed,  but  all  the  coal  oper« 
ators  agree  that  there  are  three  workable  coals  on  New  Kiver,  and  that 
Nos.  11, 16,  and  18  of  Section  151  are  these  three  beds,  whatever  their 
identity  with  reference  to  the  Fire  Greek  and  Quinnimont  localities 
may  be. 

South  westward  from  Fayette  Gounty  towards  Kaleigh,  Mercer,  and 
McDowell,  the  New  Kiver  coals  still  continue  to  increase  in  thickness 
and  importance,  culminating  in  the  great  bed  at  Pocahontas,  in  the  edge 
of  Virginia. 

Section  an  Crane  CreeJc^  West  Virginia^  near  Pocahontas,  Virginia. — 
Section  152  shows  the  succession  of  these  coals  on  Grane  Greek,  a  trib- 
utary of  Blue  Stone,  a  few  miles  northeast  from  Pocahontas.  Here 
the  Pocahontas  coal  is  divided  into  two  benches  by  a  layer  of  shale  5 
feet  thick,  but  at  Pocahontas  it  exhibits  the  following  structure: 

Ft.    in. 

Coal 9      6  ^  y^  j^ 

Shale 0      4  >  lo      q 

Coal 0    lOj 

There  is  a  bony  streak  about  2  feet  below  the  top  of  the  coal,  but  it 
is  not  rejected  in  mining. 

Section  at  head  of  South  Elk  Horn  Oreekj  McDowell  County,  West  Vir- 
ginia.— Across  the  Flat  Top  Mountjiain  divide  from  Pocahontas,  around 
the  head  of  South  Elk  Horn  Greek,  in  McDowell  Gounty,  this  coal  ex- 
hibits the  following  structure: 

rt.    in. 

Coal 3 

Bony  coal 0      8  I      Ft, 

Coal 2      3  >       9 

Slate •-.  0 

Coal ' 2 

Section  on  East  Branch  of  Simmons  Creek,  Mercer  County,  West  Vir* 
ginia. — On  the  east  brauch  of  Simmons  Greek  this  coal  shows  as  follows: 


Ft    in. 

Coal 2      2 

Slate,  bine 

Coal 


2      '-^   >  Ft.   in. 

0      4  y    8    10 
6      4) 
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Seotumon  u>e8t  branch  of  Flipping  Creeks  Mereer  County,  West  Virginia*-^ 
On  the  Walker  tract,  west  branch  of  Flipping  Greek,  the  coal  has  this 
Btrnctare : 

Ft   in. 

Co«l 2      6  .  j.^    ^ 

Dark  shales 10      0  V  |g       ^ 

Coal 6      0  S 

Section  on  Pinnacle  Fork  of  the  Ouyandotte  Biver^  Wyoming  County, 
West  Virginia. — Jast  before  this  coal  passes  under  the  level  of  the 
Pinnacle  Fork  of  the  Guyandotte  River  west  from  Flat  Top  Moantaiii 
it  exhibits  the  foUowiug  stracture : 

Ft.  in. 

Massive  sandstono 

Coal 1  4  > 

Fireclay 3  0  I   F*-   to- 
Sandy  shale 5  0  M^       ® 

Coal 5  4J 

This  coal  was  numbered  III  in  the  original  section  pablisbed  from 
Pocahontas  by  Maj.  Jed.  Hotchkiss,  and  it  is  frequently  known  by  that 
name.  Major  Hotchkiss  thinks  the  Pocahontas  bed  identical  with  the 
Quinnimont  of  New  Eiver,  but  the  writer  can  not  yet  satisfactorily  cor- 
relate this  bed  with  any  of  the  New  River  coals  which  have  been  mined. 

The  coal  from  the  Pocahontas  seam  is  quite  as  pure  and  valuable  for 
coke  and  general  fuel  purposes  as  any  in  the  New  River  field,  and,  in 
fact,  is  the  same  kind  of  coal. 

Two  other  beds  of  4  to  5  feet  in  thickness  occur  in  the  hills  above  the 
Pocahontas  vein,  but  so  far  they  have  not  been  mined  to  any  extent,  as 
they  are  not  regular  in  thickness  and  the  great  bed  belo^s  monopolizes 
the  present  mining  operations. 

• 

THS  SHARON  CONGLOMBRATB. 

The  interval  below  the  Sharon  coal  in  Ohio  and  western  Pennsylvania 
down  to  the  base  of  the  Pottsville  series  is  often  occupied  by  a  mass- 
ive conglomerate,  and  when  it  is  a'bsent  the  coal  with  its  under-clay 
rests  directly  on  the  Lower  Carboniferous  beds.  This  conglomerate 
stratum  was  considered  a  separate  member  of  the  series  by  the  Ohio 
geologists  and  as  representing  the  entire  No.  XII  conglomerate  of  Rog- 
ers in  Pennsylvania. 

But  later  studies  have  shown  that  it  is  simply  the  basal  member  of 
this  series.  When  well  developed  in  Ohio  it  is  very  coarse,  being  a 
mere  mass  of  pebbles  from  a  pea  to  an  egg  in  size.  There  is  no  single 
stratum  around  the  southeastern  margin  of  the  Appalachian  field  that 
will  exactly  compare  with  the  Sharon  conglomerate  in  physical  aspect, 
though  local  streaks  in  all  these  great  sandstones  are  quite  as  pebbly, 
but  just  as  the  Sharon  coal  is  represented  by  several  beds  in  the  Kew 
River  section,  so  the  Sharon  conglomerate,  only  20  to  40  feet  thick  in 
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Pennsylvania  and  Ohio,  is  on  New  Kiver  represented  by  300  to  400  feet . 
of  shales,  sandstones,  and  conglomerates. 

In  northern  Pennsylvania  the  Olean  conglomerateof  Bradford  Gonnty 
and  the  Garland  conglomerate  of  Warren  have  been  shown  by  Mr.  John 
F.  Garll  to  be  identical  with  the  Sharon  stratum,  and  they  also  resemble 
it  very  much  in  physical  characters.  The  coarse  type  of  the  Sharon 
conglomerate  appears  to  be  confined  to  the  northwesteni  rim  of  the 
Appalachian  field,  since  it  disappears  south wai*d  under  the  other  mem- 
bers of  the  series.  ^ 

THB  LOWER  CARBONIFEROUS  BEDS. 

Below  the  base  of  the  Pottsville  series  come  the  red  shales  and  lime- 
stones of  the  Mauch  Chunk  series,  and  then  succeed  the  gray  sandstones 
of  the  Pocono,  the  lowest  series  of  the  Carboniferous  system. 

Thin  coals  occur  locally  in  both  of  these  members  of  the  Lower  Car- 
boniferous in  Pennsylvania  and  West  Virginia,  but  nowhere  in  these 
States,  nor  in  Ohio,  does  any  merchantable  bituminous  coal  exist  in 
this  portion  of  the  Carboniferous. 

The  Tipton  Bun  coals  of  Blair  County,  Pennsylvania,  have  been  cited 
as  occurring  in  the  Pocono  sandstone  series  for  the  last  thirty-five  years, 

» 

and  this  conclusion  is  reiterated  by  Mr.  Ashbumer  in  a  special  report 
made  as  late  as  1885  (Pennsylvania  Geological  Survey,  Annual  Report, 
1885,  p.  250),  but  a  single  glance  at  the  fossil  plants  occurring  in  the 
roof  shales  of  the  coals  now  mined  there  proves  that  they  belong  to  the 
Lower  Goal  Measures,  or  Alleghany  Kiver  series,  and  not  to  the  Pocono, 
their  apparent  stratigraphical  position  being  the  result  of  displacement, 
so  that  although  the  Pocono  series  is  reported  to  contain  valuable  coal 
beds  in  Montgomery  County,  Virginia,  it  certainly  does  not  in  any  of 
the  three  States  covered  by  this  report,  and  hence  a  further  consider- 
ation of  the  Lower  Carboniferous  beds  is  not  germane  to  this  publica* 
tion. 
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